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Prvkh Exfklqvn|/ Eurzq Xqlyhuvlw| dqg QEHU

Mrkq Uxvw/ \doh Xqlyhuvlw| dqg QEHU

Kxjr Ehq��wh}0Vloyd/ VXQ\~Vwrq| Eurrn

Rfwrehu 9/ 5333

Vxppdu| ri Sursrvdo=

Zh sursrvh wr xvh doo dydlodeoh zdyhv ri wkh Khdowk dqg Uhwluhphqw Vxuyh| +KUV2DKHDG,
wr hvwlpdwh d frpsuhkhqvlyh g|qdplf surjudpplqj +GS, prgho ri ehkdylru dw wkh hqg ri wkh
olih f|foh wkdw surylghv d ghwdlohg wuhdwphqw ri wkh Vrfldo Vhfxulw| Dgplqlvwudwlrq*v +VVD, Rog
Djh dqg Vxuylyruv +RDVL,/ Vxssohphqwdo Vhfxulw| Lqfrph +VVL, dqg Glvdelolw| Lqvxudqfh +GL,
surjudpv1 Pdmru fkdqjhv wr wkhvh surjudpv duh ehlqj frqwhpsodwhg1 \hw/ zh fxuuhqwo| odfn d
xql�hg prgho ri vrfldo lqvxudqfh dw wkh hqg ri wkh olih f|foh wkdw fdq khos xv hydoxdwh wkh ehkdylrudo
dqg glvwulexwlrqdo lpsdfwv ri wkhvh srolflhv1 Sduwlfxodu dwwhqwlrq lv sdlg wr ghyhorslqj/ hvwlpdwlqj/
dqg whvwlqj d pxowl0vwdjh g|qdplf surjudpplqj +GS, prgho ri wkh VVL dqg GL dssolfdwlrq/ dsshdo/
dqg dzdug surfhvv/ iru +srvvleo|, khwhurjhqhrxv djhqwv1

Zh duh ghyhorslqj d wudfwdeoh hpslulfdo prgho wkdw fdswxuhv dq lqglylgxdo*v ghflvlrqv uhjduglqj
+4, oderu vxsso| dqg uhwluhphqw +6, dssolfdwlrq iru RD/ GL dqg VVL ehqh�wv/ dqg +7, frqvxpswlrq
dqg vdylqjv1

Wkh uhvxowlqj prgho zloo doorz xv wr ghulyh suhglfwlrqv ri wkh ehkdylrudo dqg zhoiduh lpsolfdwlrqv
ri srolf| fkdqjhv1 Zkloh wkhuh lv d odujh olwhudwxuh xvlqj uhgxfhg0irup dqg vwdwlf vwuxfwxudo prghov
wkdw kdv lqyhvwljdwhg vrph ri wkhvh lvvxhv/ lw vx�huv iurp wzr pdmru vkruwfrplqjv1 Iluvw uhgxfhg0
irup prgho fdqqrw eh xvhg iru zhoiduh dqdo|vlv ru wr suhglfw ehkdylru uhvsrqvhv wr srolf| fkdqjhv1
Vhfrqg/ vwdwlf vwuxfwxudo prghov gr qrw dffxudwho| uh�hfw wkh ohyho ri frpsoh{lw| dqg xqfhuwdlqw|
idflqj lqglylgxdo ghflvlrq pdnhuv/ qru gr wkh| fdswxuh wkh lpsruwdqw g|qdplf hohphqwv ri wkh
ghflvlrq surfhvvhv1 Wkh GS prgho zh zloo ghyhors zloo flufxpyhqw wkhvh vkruwfrplqjv/ surylglqj d
wudfwdeoh iudphzrun iru dqdo|}lqj lqglylgxdo ehkdylru dqg zhoo0ehlqj/ dqg iruhfdvwlqj wkhlu uhvsrqvh
wr d zlgh udqjh ri srolf| fkdqjhv1

Rxu prgho frxog surylgh qhz lqvljkwv lqwr d qxpehu ri sx}}olqj dvshfwv derxw glvdelolw| lq wkh
X1V1 Rqh sx}}oh lv wr ghwhuplqh wkh idfwruv uhvsrqvleoh iru wkh surqrxqfhg vzlqjv lq GL lqflghqfh
udwhv lq uhfhqw |hduv1 Dqrwkhu sx}}oh lv ghwhuplqh zk| wkh iudfwlrq ri Dphulfdqv uhfhlylqj VVL
dqg GL ehqh�wv frqwlqxhv wr lqfuhdvh ghvslwh ryhuzkhoplqj hslghplrorjlfdo hylghqfh ri vwhdg|
lpsuryhphqwv lq ydulrxv remhfwlyh lqglfdwruv ri khdowk vwdwxv1 Wkh VVD lv fxuuhqwo| frqwhpsodwlqj
vljql�fdqw fkdqjhv wr wkh glvdelolw| dzdug surfhvv/ lq rughu wr uhgxfh ghod|v/ dqg uhgxfh odujh
xqh{sodlqhg vwdwh0ohyho gl�huhqfhv lq dzdug udwhv1

Zh zloo xvh ghwdlohg khdowk dqg ixqfwlrqdo vwdwxv lqglfdwruv iurp wkh KUV wr hydoxdwh zkhwkhu
ru qrw wkhuh duh dowhuqdwlyh vfuhhqlqj uxohv wkdw fdq uhgxfh wkh ohyho ri fodvvl�fdwlrq huuruv lq wkh
GL dzdug surfhvv1 Rxu hvwlpdwhg GS prgho zloo surgxfh ghwdlohg suhglfwlrqv ri wkh ehkdylrudo
dqg zhoiduh h�hfwv ri fkdqjhv lq ehqh�w ohyhov/ ghod|v/ wkh suredelolw| ri ehlqj dzdughg ehqh�wv/
dqg wkh suredelolw| wkdw d GL ehqh�fldu| zloo eh dxglwhg1 Wklv iudphzrun zloo doorz xv wr ghyhors
phwkrgrorjlhv iru fkdudfwhul}lqj h�flhqw srolflhv/ l1h1/ wkrvh wkdw plqlpl}h wkh h{shfwhg glvfrxqwhg
frvw ri surylglqj d vwuhdp ri vrfldo lqvxudqfh ehqh�wv vxemhfw wr wkh frqvwudlqw wkdw lqglylgxdov*
h{shfwhg glvfrxqwhg xwlolwlhv duh dw ohdvw dv kljk dv xqghu wkh vwdwxv txr1
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Zh sursrvh wr ghyhors d xql�hg hpslulfdo prgho ri vrfldo lqvxudqfh dw wkh hqg ri wkh olih f|foh
xvlqj gdwd iurp wkh Khdowk dqg Uhwluhphqw Vxuyh| +KUV,1 Zh zloo sd| sduwlfxoduo| forvh dwwhqwlrq
wr dffrxqwlqj iru wkh wkuhh nh| frpsrqhqwv ri vrfldo lqvxudqfh surylghg e| wkh Vrfldo Vhfxulw|
Dgplqlvwudwlrq +VVD,= 4, Rog Djh dqg Vxuylyruv Lqvxudqfh +RDVL,/ 5, Phglfduh dqg Phglfdlg/
dqg 6, Glvdelolw| Lqvxudqfh +GL, dqg Vxssohphqwdo Vhfxulw| Lqfrph +VVL, ehqh�wv1 Ehfdxvh ri wkh
udslg djlqj ri wkh X1V1 vrflhw|/ qrqh ri wkhvh surjudpv duh lq orqj uxq dfwxduldo edodqfh/ dqg vrrqhu
ru odwhu Frqjuhvv zloo kdyh wr ghflgh rq zkhwkhu vljql�fdqw wd{ lqfuhdvhv ru ehqh�w fxwv zloo eh
pdgh wr nhhs wkh surjudp lq wkh eodfn1 D qxpehu ri lpsruwdqw fkdqjhv zloo ehjlq wr wdnh h�hfw
lq frplqj |hduv dv d uhvxow ri wkh 4<;6 Vrfldo Vhfxulw| dphqgphqwv/ zklfk zdv lqwhqghg wr fuhdwh
lqfhqwlyhv iru ghod|hg uhwluhphqw lq rughu wr uhvwruh wkh orqj uxq edodqfh lq wkh RDVL surjudp1 Lq
dgglwlrq wr lqfuhdvlqj frqwulexwlrq udwhv/ wkh 4<;6 dphqgphqwv lqfuhdvhg wkh qrupdo uhwluhphqw
djh +QUD, iurp 98 wr 9:/ lqfuhdvhg wkh ghod|hg uhwluhphqw fuhglw +GUF, iurp 4( wr ;(/ dqg
ghfuhdvhg wkh _uhwluhphqw whvw% wd{ rq srvw0uhwluhphqw hduqlqjv iurp 83( wr 66(1 Lq uhfhqw |hduv
pxfk pruh udglfdo fkdqjhv wr wkh Vrfldo Vhfxulw| surjudp kdyh ehhq sursrvhg/ lqfoxglqj ixoo ru
sduwldo sulydwl}dwlrq/ wkh lqwurgxfwlrq ri lqglylgxdo dffrxqwv/ dqg sursrvdov wkdw zrxog lqyhvw d
vxevwdqwldo vkduh ri wkh Wuxvw Ixqg lq htxlwlhv1 Dqrwkhu fkdqjh wkdw zdv hqdfwhg uhfhqwo| lv wkh
uhprydo ri wkh hduqlqjv whvw iru wkrvh 98 dqg ryhu |hduv ri djh= wkh h�hfwv ri wklv fkdqjh fdq eh
hdvlo| h{dplqhg lq rxu iudphzrun1

Vxevwdqwldo fkdqjhv wr wkh VVL dqg GL surjudpv duh dovr ehlqj frqwhpsodwhg/ uhvxowlqj lq sduw
iurp wkh kxjh lqfuhdvhv lq surfhvvlqj ghod|v dqg edfnorjv iroorzlqj wkh udslg jurzwk lq dssolfdwlrqv
dqg dsshdov gxulqj wkh hduo| 4<<3v1 Dv sduw ri lwv _Glvdelolw| Surfhvv Uhghvljq% +GSU, sodq/ wkh
VVD lv fxuuhqwo| frqvlghulqj pdmru fkdqjhv lq wkh pxowl vwdjh dssolfdwlrq dqg dsshdo surfhvv1
Wkh sursrvhg fkdqjhv lqfoxgh vlpsol�fdwlrqv ghvljqhg wr uhgxfh ghod|v lq lqlwldo dzdug dqg dsshdo
ghflvlrqv/ dqg wkh xvh ri vwdqgdugl}hg ixqfwlrqdo lpsdluphqw lqglfhv wr uhgxfh odujh xqh{sodlqhg
vwdwh0ohyho gl�huhqfhv lq dzdug udwhv1 Doo ri wkhvh sursrvhg srolf| fkdqjhv zloo kdyh vljql�fdqw
h�hfwv rq wkh vwuxfwxuh ri wkh Vrfldo Vhfxulw| surjudp/ wkdw fdqqrw eh dffxudwho| suhglfwhg/ dqg
h{dplqhg/ xvlqj uhgxfhg0irup phwkrgv wkdw hvwlpdwh ehkdylrudo uhodwlrqvklsv xqghu wkh vwdwxv

txr1 VVD fxuuhqwo| grhv qrw kdyh d xql�hg ehkdylrudo prgho wkdw zrxog hqdeoh lw wr iruhfdvw wkh
ehkdylrudo dqg zhoiduh lpsolfdwlrqv ri dq| ri wkhvh srolf| fkdqjhv1 Wkh rqo| frpsuhkhqvlyh zd|
wr ghdo zlwk wkhvh pxowlwxgh ri txhvwlrqv lv e| prgholqj h{solflwo| wkh ghflvlrq surfhvvhv e| erwk
wkh lqglylgxdov dqg wkh VVD/ xqghu uhdolvwlf dvvxpswlrqv jryhuqlqj wkhlu ehkdylru1

Iruwxqdwho|/ lq uhfhqw |hduv lqfuhdvlqjo| uhdolvwlf g|qdplf vwuxfwxudo prghov kdyh ehhq irupx0
odwhg dqg hvwlpdwhg lq wkh dfdghplf olwhudwxuh1 Wkhvh prghov lqfoxgh Uxvw dqg Skhodq +4<<:,/
zklfk hvwlpdwhg d ghwdlohg g|qdplf surjudpplqj prgho ri wkh RDVL dqg Phglfduh surjudp1 Lq
frqwudvw wr uhgxfhg0irup sdshuv lq wkh olwhudwxuh/ wkh lqqrydwlrq ri Uxvw dqg Skhodq lv wkdw wkhlu sd0
shu vkrzhg wkdw d qxpehu ri suhylrxvo| sx}}olqj dvshfwv ri uhwluhphqw ehkdylru duh vlpso| duwlidfwv
ri sduwlfxodu ghwdlov ri wkh Vrfldo Vhfxulw| uxohv1 Lq sduwlfxodu/ lw vkrzhg wkdw RDVL dqg Phglfduh
ehqh�wv kdyh frpsoh{ lqwhudfwlqj lqfhqwlyh h�hfwv/ dqg pxvw eh prghohg dv vxfk1 Iru h{dpsoh/
zkloh pdq| ri wkh ihdwxuhv ri wkh RDVL uxohv hqfrxudjh hduo| uhwluhphqw/ wkh idfw wkdw lqglylgxdov
gr qrw txdoli| iru Phglfduh ehqh�wv xqwlo wkh qrupdo uhwluhphqw djh fuhdwhv d vxevwdqwldo lqfhqwlyh
iru d vljql�fdqw iudfwlrq ri _khdowk lqvxudqfh frqvwudlqhg% lqglylgxdov wr ghod| uhwluhphqw1 Wkhlu
GS prgho dffrxqwv iru zlgh ydulhw| ri skhqrphqd revhuyhg lq wkh gdwd/ lqfoxglqj wkh surqrxqfhg
shdnv lq wkh glvwulexwlrq ri uhwluhphqw djhv dw 95 dqg 981 Wkhvh uhvxowv looxvwudwh wkh lpsruwdqfh
ri ghyhorslqj dq lqwhjudwhg g|qdplf prgho ri vrfldo lqvxudqfh dw wkh hqg ri wkh olih f|foh1 Vxfk d
prgho fdq khos xv wr xqghuvwdqg d qxpehu ri rwkhu sx}}olqj dvshfwv derxw lqglylgxdov* ghflvlrqv
uhjduglqj uhwluhphqw/ glvdelolw| dssolfdwlrq/ dqg khdowk lqvxudqfh/ dqg frxog kdyh vxevwdqwldo sudf0
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wlfdo ydoxh dv d wrro wr dvvlvw srolf| hydoxdwlrq dqg iruhfdvwlqj e| jryhuqphqw rujdql}dwlrqv vxfk
dv wkh VVD1 Zh zloo xvh rxu prgho wr dqdo|}h d qxpehu ri lpsruwdqw srolf|0uhodwhg txhvwlrqv dqg
lvvxhv lqfoxglqj=
41 Zk| grhv wkh iudfwlrq ri Dphulfdqv rq wkh GL dqg VVL urohv frqwlqxh wr lqfuhdvh zkhq hslghpl0
rorjlfdo vwxglhv �qg wkdw khdowk ri roghu Dphulfdqv kdv lpsuryhg ryhu wlphB
51 Zkdw lv wkh uhodwlyh lpsruwdqfh ri fkdqjhv lq dzdug udwhv/ xqhpsor|phqw udwhv/ dqg vrfldo
idfwruv lq wkh odujh vzlqjv lq GL lqflghqfh udwhv lq uhfhqw |hduvB
61 Zkdw uroh gr ghod|v lq wkh GL dzdug surfhvv kdyh rq lqfhqwlyhv wr dsso| ru dsshdoB Zloo
sursrvdov wr vshhg xs wklv surfhvv lqfuhdvh wkh qxpehu ri dssolfdwlrqv dqg dzdugvB
71 Zloo wkh 4<;6 Vrfldo Vhfxulw| Dphqgphqwv/ sduwlfxoduo| wkh lqfuhdvh lq wkh QUD dqg GUF/
fdxvh lqglylgxdov/ wr vljql�fdqwo| ghod| wkh djh dw zklfk wkh| dsso| iru RD ehqh�wvB Krz zrxog
lqglylgxdov* eh d�hfwhg li wkh Phglfduh holjlelolw| djh +PHD, zhuh dovr fkdqjhgB
81 Zloo wkh lqfuhdvh lq wkh QUD lqfuhdvh wkh lqfhqwlyh wr dsso| iru VVL dqg GL ehqh�wv sulru
wr wkh QUDB Li vr/ wr zkdw h{whqw zloo dq| uhgxfwlrq lq wkh frvwv ri wkh RD surjudp gxh wr wkh
lqfuhdvhg QUD eh r�vhw e| dq lqfuhdvh lq wkh frvw ri wkh VVL2GL surjudpB
91 Krz zrxog uhwluhphqw lqfhqwlyhv dqg lqglylgxdo zhoiduh eh d�hfwhg e| dq lqwurgxfwlrq ri
_lqglylgxdo dffrxqwv% vlplodu wr wkh sodq Jryhuqru Exvk kdv sursrvhgB

Dowkrxjk rxu prgho fdq dgguhvv d zlgh udqjh ri srolf| lvvxhv/ zh zloo ghyrwh sduwlfxodu dwwhqwlrq
wr prgholqj wkh g|qdplfv ri glvdelolw|/ pruwdolw| dqg khdowk/ dqg wkh idfwruv lq�xhqflqj ghflvlrqv
wr dsso| iru VVL dqg GL ehqh�wv vlqfh wkhvh duh uhodwlyho| yrodwloh surjudpv wkdw kdyh jurzq dw
xqvxvwdlqdeoh udwhv lq wkh sdvw1
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Wkhuh lv d odujh hpslulfdo olwhudwxuh vwxg|lqj wkh idfwruv d�hfwlqj GL dssolfdwlrqv dqg dzdugv/ dqg
d vrphzkdw vpdoohu olwhudwxuh rq wkh VVL surjudp1 Wklv olwhudwxuh/ +vhh/ h1j1 Uxss dqg Vwdsohwrq/
4<<9 ru Vwdsohwrq hw do1 4<<7 iru dq ryhuylhz, kdv lghqwl�hg d qxpehu ri lpsruwdqw idfwruv= 4,
ehqh�w ohyhov/ 5, surjudp ohqlhqf| dv phdvxuhg e| dzdug suredelolwlhv dqg dxglw udwhv/ 6, vwuhqjwk
ri wkh ghpdqg iru oderu +dv phdvxuhg e| xqhpsor|phqw udwhv,/ 7, wkh dydlodelolw| +ru odfn wkhuhri,
ri dowhuqdwlyh vrxufhv ri vxssruw/ dqg 8, vrfldo dwwlwxghv/ sduwlfxoduo| wkrvh d�hfwlqj dq| srvvleoh
vwljpd dvvrfldwhg zlwk uhfhlylqj GL ehqh�wv1 Krzhyhu/ wkh uhodwlyh lpsruwdqfh ri wkhvh idfwruv lv
vwloo qrw zhoo xqghuvwrrg/ kdpshulqj VVD*v delolw| wr gr srolf| dqdo|vlv dqg vkruw dqg orqj whup
iruhfdvwlqj1 Iljxuhv 514 dqg 515 looxvwudwh vrph ri wkh nh| klvwrulfdo dqg iruhfdvwhg wuhqgv lq wkh
GL surjudp1�

Iljxuh 514 vxppdul}hv wkh klvwrulfdo dqg surmhfwhg wuhqgv lq wkh vl}h dqg frvw ri wkh GL surjudp/
phdvxuhg e| wkh GL suhydohqfh udwh dqg e| wkh udwlr ri GL h{shqglwxuhv wr JGS1 Wkh uljkw kdqg
vlgh ri Iljxuh 514 vkrzv d udslg ulvh lq wkh frvw ri wkh GL surjudp vlqfh lwv lqfhswlrq lq 4<89
xqwlo wkh plg 4<:3v/ lqwhuuxswhg rqo| e| d ghfuhdvh lq wkh frvw ri wkh surjudp gxulqj d shulrg ri
uhwuhqfkphqw iurp 4<:: wr 4<<3/ dqg d ghfuhdvh gxulqj wkh hfrqrplf errp ri uhfhqw |hduv1 Wkh
Dfwxdu| iruhfdvwv frqwlqxhg jurzwk lq wkh surjudp ryhu wkh qh{w :8 |hduv/ wrsslqj rxw dw urxjko|
3=<( ri JGS e| 53:81 Wkh ohiw kdqg sdqho ri �jxuh 514 sorwv klvwrulfdo dqg surmhfwhg suhydohqfh
ri GL ryhu wkh shulrg 4<;; wr 53:81 Zh vhh wkdw suhydohqfh udwhv kdyh lqfuhdvhg vwhdglo| ryhu wkh
shulrg 4<;; wr 4<<9/ sdxvlqj eulh�| lq 4<<: dqg 4<<;1 Wkh Dfwxdu| iruhfdvwv d sduwlfxoduo| udslg
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lqfuhdvh lq GL suhydohqfh xqwlo 5363/ e| zklfk wlph prvw ri wkh ede| errp jhqhudwlrq zloo kdyh
uhdfkhg qrupdo uhwluhphqw djh1 Wkhuhdiwhu suhydohqfh frqwlqxhv wr jurz dw d pruh prghudwh udwh
uhdfklqj :( ri wkh lqvxuhg srsxodwlrq e| 53:81 Wkh _dgmxvwhg% suhydohqfh fxuyh uh�hfwv d iruhfdvw
edvhg rq d frxqwhuidfwxdo dvvxpswlrq wkdw wkh djh glvwulexwlrq ri wkh X1V1 uhpdlqv dw lwv 4<<;
ydoxhv1 Wkh xqdgmxvwhg suhydohqfh udwhv lqfuhdvh iurp 317 wr 31: ehwzhhq 4<<< dqg 53:8/ zkhuhdv
wkh dgmxvwhg suhydohqfh udwh rqo| lqfuhdvhv wr 3181 Wkxv/ lq urxjk whupv/ srsxodwlrq djlqj dffrxqwv
iru rqo| rqh wklug ri wkh surmhfwhg lqfuhdvh lq suhydohqfh ri GL lq wkh qh{w :8 |hduv1

Iljxuh 514= Klvwrulfdo dqg Iruhfdvwhg Jurzwk lq VVGL Urohv dqg Frvwv

Iljxuh 515 looxvwudwhv vrph ri wkh klvwrulfdo yrodwlolw| lq dssolfdwlrq dqg dzdug udwhv1 Wkh ohiw
kdqg sdqho sorwv wkh wuhqg lq wkh _fuxgh% dffhswdqfh udwh�wkh udwlr ri wkh qxpehu ri qhz GL
dzdugv wr wkh wrwdo qxpehu ri dssolfdwlrqv dqg dsshdov �ohv lq d jlyhq |hdu1 Wkh uljkw kdqg
sdqho sorwv wkh udwlr ri GL dssolfdwlrqv dqg dzdugv wr wkh GL lqvxuhg srsxodwlrq1 Wkh dzdug udwh
uhdfkhg lwv orzhvw ohyho lq 4<;5 gxulqj wkh Uhdjdq Dgplqlvwudwlrq/ gxulqj d fodps0grzq rq wkh
GL dqg VVL surjudpv1 Wkhuh zdv d odujh lqfuhdvh lq dxglwv/ dovr nqrzq dv _Frqwlqxlqj Glvdelolw|
Uhylhzv% +FGU,/ gxulqj wklv shulrg1 Wkh frpelqhg h�hfw zdv wr vwurqjo| glvfrxudjh lqglylgxdov
iurp dsso|lqj iru GL ehqh�wv/ dv lv hylghqw lq wkh uljkw kdqg sdqho ri �jxuh 5151 Rq wkh rwkhu kdqg
GL dssolfdwlrqv dqg dzdugv shdnv lq 4<:71 Wklv shdn lq dssolfdwlrqv zdv gxh wr vhyhudo idfwruv=
4, d uhfhvvlrq lq wkh hduo| 4<:3v/ 5, d udslg lqfuhdvh lq ehqh�w ohyhov gxh wr dq huuru lq wkh 4<:5
Vrfldo Vhfxulw| dphqgphqwv zklfk uhvxowhg lq dq lqdgyhuwhqw grxeoh lqgh{lqj ri Vrfldo Vhfxulw|
ehqh�wv wr lq�dwlrq/ dqg 6, d ohqlhqw srolf| wrzdugv GL dssolfdqwv uh�hfwhg lq wkh kljk dzdug
udwhv lq �jxuh 5151 VVL zdv dovr lqwurgxfhg lq 4<:7/ vr wkh sxeolf pd| kdyh dfwxdoo| shufhlyhg
wkdw VVD dv hqfrxudjlqj dssolfdqwv/ uhgxflqj shufhlyhg _kdvvoh frvwv% wr dsso|lqj iru GL ru wkh
vwljpd dvvrfldwhg zlwk uhfhlylqj ehqh�wv1 GL dssolfdwlrq udwhv ehjdq jurzlqj udslgo| djdlq lq
wkh hduo| 4<<3v iroorzlqj d vxvwdlqhg shulrg ri jurzwk lq dzdug udwhv1 Wkh fdxvhv ri wklv udslg
exuvw ri jurzwk duh qrw ixoo| xqghuvwrrg/ exw kljk xqhpsor|phqw udwhv lq wkh hduo| 4<<3v/ dqg d
fxwedfn lq vwdwh Jhqhudo Dvvlvwdqfh +JD, surjudpv duh wkrxjkw wr lpsruwdqw frqwulexwlqj idfwruv1
Wkh sdvvdjh ri wkh Dphulfdqv zlwk Glvdelolwlhv Dfw lq 4<<3 zdv ghvljqhg wr irufh hpsor|huv wr
dffrpprgdwh zrunhuv zlwk glvdelolwlhv dqg wkxv uhgxfh wkh lqflghqfh dqg suhydohqfh ri lqglylgxdov
uhfhlylqj GL ehqh�wv/ krzhyhu/ lw pd| kdyh kdg dq rssrvlwh h�hfw e| khoslqj wr uhgxfh wkh vwljpd
ri ehlqj glvdeohg1

Rq wkh rwkhu kdqg/ dssolfdwlrq udwhv ghfolqhg htxdoo| txlfno| diwhu 4<<61 Wklv zdv dovr wkh shdn
|hdu iru hquroophqwv lq wkh DIGF surjudp/ dqg d shulrg ri kljk vrfldo vwljpd wrzdugv zhoiduh
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uhflslhqwv pd| kdyh ehhq rqh ri wkh prvw lpsruwdqw idfwruv prwlydwlqj wkh wrxjk 4<<9 Zhoiduh
Uhirup Dfw1 Zkloh sduw ri wkh ghfolqh lq dssolfdwlrq udwhv pljkw eh dvfulehg wr dq lqfuhdvh lq uhdo
ru shufhlyhg vwljpd wrzdugv DIGF dqg VVL uhflslhqwv/ wkh |hduv diwhu 4<<6 kdyh dovr frqvwlwxwhg
wkh orqjhvw shdfhwlph hfrqrplf errp lq uhfrughg klvwru|1 Rqo| zlwklq d vwuxfwxudo prgho fdq rqh
pdnh dq dwwhpsw wr glvhqwdqjoh wkh uhodwlyh frqwulexwlrqv ri wkhvh wzr srvvleoh h{sodqdwlrqv1

Iljxuh 515= Klvwru| ri VVGL Dssolfdwlrq dqg Dzdug Udwhv/ Urohv/ dqg Frvwv

Rxu rzq suhylrxv hpslulfdo zrun xvlqj wkh KUV gdwd vkrzv wkdw vhoi0uhsruwhg khdowk dqg
glvdelolw| vwdwxv lqglfdwruv duh srzhuixo suhglfwruv ri zklfk lqglylgxdov fkrrvh wr dsso| ru dsshdo
iru GL ehqh�wv1 Qhyhuwkhohvv/ wkh sdwwhuqv ri �xfwxdwlrq lq djjuhjdwh GL dzdug dqg dssolfdwlrq
udwhv vxjjhvwv wkdw lqglylgxdo ghflvlrqv duh jryhuqhg rqo| sduwo| e| _remhfwlyh% sk|vlfdo dqg khdowk
frqglwlrqv1 Vrfldo/ srolwlfdo/ dqg hfrqrplf idfwruv kdyh mxvw dv vljql�fdqw lpsdfw rq dssolfdwlrq
dqg dzdugv dw wkh djjuhjdwh ohyho1

Wkh sdudgr{ wkdw GL suhydohqfh udwhv kdyh jurzq zkloh wkh remhfwlyh khdowk vwdwxv ri Dphulfdqv
kdv lpsuryhg/ vxjjhvwv wkdw wkh frqfhsw ri _glvdelolw|% xvhg e| wkh VVD lv qrw edvhg rq dq devroxwh
remhfwlyho| ghwhuplqdeoh phdvxuh ri sk|vlfdo vwdwxv/ exw lv udwkhu pruh dnlq wr d vrfldoo| gh�qhg
frqfhsw zkrvh devroxwh vwdqgdugv pd| fkdqjh ryhu wlph zlwk fkdqjhv lq wkh srolwlfdo/ vrfldo/ dqg
whfkqrorjlfdo folpdwh1 Fohduo|/ wkh qdwxuh ri sk|vlfdo2phqwdo frqglwlrqv wkdw duh uhjdughg dv glv0
deolqj lv yhu| gl�huhqw lq wrgd|*v _lqirupdwlrq hfrqrp|% wkdq wkh| zhuh lq dq lqgxvwuldo2djuduldq
hfrqrp| lq wkh 4;33v1 Lw lv qrw vxusulvlqj wkhuhiruh wkdw VVD*v Dfwxduldo Vwxg| 447 +4<<<, grfx0
phqwv vljql�fdqw fkdqjhv lq wkh glvwulexwlrq ri lpsdluphqwv wkdw duh olvwhg dv wkh sulpdu| uhdvrqv
ehlqj dzdughg GL ehqh�wv1 Iru h{dpsoh/ phqwdo frqglwlrqv lq uhfhqw |hduv dffrxqw iru d pxfk
odujhu vkduh ri glvdelolwlhv wkdq lq 4<;5> 53( frpsduhg zlwk rqo| 44( ri doo dzdugv/ uhvshfwlyho|
+Vhh dovr Juxehu dqg Nxeln 4<<: iru ixuwkhu glvfxvvlrq,1

Dowkrxjk wkh GL surjudp zdv lqwhqghg wr eh dq lqvxudqfh surjudp/ dqg qrw d phdqv0whvwhg
wudqvihu surjudp/ wkh GL surjudp h�hfwlyho| kdv pdq| ri wkh fkdudfwhulvwlfv ri d zhoiduh surjudp1
Rxu suhylrxv uhvhdufk lqglfdwhv wkdw prvw GL ehqh�fldulhv duh lq wkh orzhvw lqfrph eudfnhwv1 D
srvvleoh h{sodqdwlrq iru wkh xszdug wuhqg lq wkh suhydohqfh ri GL lv wkh idfw wkdw d ulfkhu/ pruh
whfkqlfdoo| dgydqfhg vrflhw| fdq d�rug wkh ox{xu| ri vxssruwlqj dq lqfuhdvlqj iudfwlrq ri lwv ohdvw
khdowk| dqg surgxfwlyh flwl}hqv1

Zh eholhyh wkdw wkh zd| VVD dgplqlvwhuv wkh GL dzdug surfhvv fdq khos wr fuhdwh d _vrfldo
vwdqgdug% wkdw kdv d srzhuixo lpsdfw rq wkh sxeolf*v shufhswlrq ri wkh wkuhvkrogv iru phqwdo dqg
sk|vlfdo lpsdluphqwv wkdw duh vx�flhqwo| vhyhuh wr frqvwlwxwh _glvdelolw|%1 Lqghhg/ zh kdyh vkrzq
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+vhh Ehq��wh}0Vloyd hw do1 5333, wkdw GL dssolfdqwv vdwlvi| dq _xqeldvhg uhsruwlqj% k|srwkhvlv/ l1h1/
wkhlu vhoi0uhsruwhg glvdelolw| vwdwxv lv dq xqeldvhg lqglfdwru ri VVD*v xowlpdwh dzdug ghflvlrq1 Wklv
�qglqj vxjjhvwv wkh srvvlelolw| wkdw wljkwhqlqj ru orrvhqlqj ri GL dzdug udwhv pd| kdyh d grxeoh
h�hfw1 Lwv gluhfw h�hfw lv rq wkh lqglylgxdov* lqfhqwlyhv iru dsso|lqj iru ehqh�wv vlqfh lw d�hfwv wkhlu
fkdqfhv ri vxffhvv1 Wkh lqgluhfw h�hfw lv wkurxjk wkh lqglylgxdov* vhoi0shufhswlrqv ri zkhwkhu ru qrw
wkh| eholhyh wkh| duh/ lq idfw/ glvdeohg1 Rxu prgho lqfrusrudwhv wklv idfw dqg doorzv _glvdelolw|% wr
eh d vrfldo vwdqgdug wkdw hyroyhv vorzo| ryhu wlph1 Zkhwkhu wkh fxuuhqw vrfldo vwdqgdug lv mxvw d
_yhlo% wkdw d�hfwv lqglylgxdov* ghflvlrqv +wkurxjk fdofxodwlrqv ri frvwv dqg ehqh�wv wr �olqj iru GL
ru VVL ehqh�wv,/ ru zkhwkhu wkh vrfldo vwdqgdug dovr kdv gluhfw d�hfwv rq wkhlu vhoi0shufhswlrqv ri
wkhlu fdsdflw| wr zrun/ lv dq h{wuhpho| lpsruwdqw lvvxh wkdw zh sodq wr dqdo|}h1

� +i_�Ui_�uLh4 �L_i*t Lu |�i #W%55W ��@h_ �hLUitt

Wkh GL dqg VVL surjudpv fdq eh ylhzhg dv d jdph ehwzhhq dssolfdqwv dqg wkh jryhuqphqw1 Wkh
rxwfrph ri wklv jdph ghshqgv rq wkh remhfwlyhv ri wkh jryhuqphqw +h1j1 Vrfldo zhoiduh pd{l0
pl}dwlrq,/ dqg suhihuhqfhv ri wkh lqglylgxdov1 Wkhuh lv/ krzhyhu/ dq dgglwlrqdo frpsolfdwlrq= wkh
_jryhuqphqw% lv qrw rqh ghflvlrq pdnhu/ exw udwkhu d klhudufklfdo exuhdxfudf| zlwk ryhu 48/333
dgplqlvwudwruv1 Wkhvh duh glylghg dprqj wkh 87 vwdwh Glvdelolw| Ghwhuplqdwlrq Vhuylfhv +GGV*v,
wkdw surfhvv lqlwldo dssolfdwlrqv dqg uhfrqvlghudwlrqv/ dqg wkh pruh wkdq 4/333 Dgplqlvwudwlyh Odz
Mxgjhv +DOM*v, dqg Dsshdov Erdug wkdw surfhvv dsshdov1 Wkh frpsohwh GL dssolfdwlrq/ dzdug/ dqg
dsshdo surfhvv kdv ehhq prghohg hfrqrphwulfdoo|/ xvlqj wkh VLSS sdqho gdwd/ lq Kx hw do1 +4<<:,
dqg Odklul hw do1 +4<<8,/ dqg Ehq��wh}0Vloyd hw do1 +4<<<, zlwk wkh Khdowk dqg Uhwluhphqw Vxuyh|1
Wkh odwwhu sdshu hvwlpdwhg d ghwdlohg uhgxfhg0irup pxowl0vwdjh prgho ri dq lqglylgxdo*v ghflvlrq
wr dsso| iru VVGL dqg VVL ehqh�wv/ wkh GGV _�uvw vwdjh% dzdug ghflvlrq/ wkh ghflvlrq e| uhmhfwhg
dssolfdqwv wr dsshdo dq lqlwldo uhmhfwlrq/ dqg wkh _vhfrqg vwdjh% ghflvlrq e| VVD*v Dgplqlvwudwlyh
Odz Mxgjhv dqg Dsshdov Erdug zkhwkhu wr dzdug ru ghq| dq dsshdo1 Wkh sdshu �qgv wkdw wkhuh
lv d odujh dssduhqw uhwxuq wr dsshdolqj dq lqlwldo uhmhfwlrq e| wkh GGV1 Wkh _xowlpdwh dzdug udwh%
ulvhv iurp derxw 79(/ dw wkh �uvw vwdjh ghflvlrq pdgh e| wkh GGV/ wr derxw :6( zkhq wkh rswlrq
wr dsshdo zdv frqvlghuhg1 Krzhyhu/ wklv lqfuhdvhg dzdug udwh frphv dw wkh frvw ri vxevwdqwldo
ghod|v/ zklfk dsshdu wr ixqfwlrq dv dq lpsolflw w|sh0ghshqghqw _dssolfdwlrq ihh% wkdw glvvxdghv
rssruwxqlvwlf ehkdylru1 Lqghhg/ wkh vwxg| qrw rqo| vkrzv wkdw dq lqglylgxdo*v vhoi0dvvhvvhg khdowk
vwdwxv lv rqh ri wkh prvw srzhuixo suhglfwruv ri dssolfdwlrq dqg dsshdo ghflvlrqv/ exw dovr wkdw lw
lv d yhu| srzhuixo suhglfwru ri VVD*v dzdug ghflvlrq1

Wkh Ehq��wh}0Vloyd hw do1 +4<<<, vwxg| dovr uhyhdohg wkh lpsruwdqfh ri rssruwxqlvwlf hfrqrplf
idfwruv dqg srolf| lqfhqwlyhv d�hfwlqj dq lqglylgxdo*v ghflvlrq wr dsso| iru GL ehqh�wv1 Iru h{dpsoh/
rqo| yhu| ihz lqglylgxdov zkr duh ryhu 95 dsso| iru GL ehqh�wv/ vshfl�fdoo| ehfdxvh wkh| fdq jhw
hduo| Vrfldo Vhfxulw| uhwluhphqw ehqh�wv dw wklv djh1 Hyhq wkrxjk GL sd|v d ehqh�w htxdo wr wkh
ixoo Sulpdu| Lqvxudqfh Dprxqw +SLD, sd|deoh dw qrupdo uhwluhphqw djh/ lq frqwudvw wr wkh hduo|
uhwluhphqw ehqh�wv/ wkh frvwv dvvrfldwhg zlwk orqj ghod|v rxwzhljk wkh gl�huhqfh lq ehqh�wv12

Krzhyhu/ Ehq��wh}0Vloyd hw do1 +4<<<, lv mxvw dq h{sorudwru| dqdo|vlv lqwr wkh ryhudoo glvdelolw|
dzdug surfhvv/ dqg wkhlu uhgxfhg0irup uhvxowv fdqqrw eh xvhg wr iruhfdvw wkh h�hfwv ri srolf|
fkdqjhv/ vxfk dv fkdqjhv lq dzdug udwhv/ dxglw udwhv/ ru ehqh�w ohyhov1 Wkh rqo| zd| wklv fdq eh
grqh lv yld d vwuxfwxudo hfrqrphwulf dssurdfk wkdw prghov wkh lqglylgxdo*v dssolfdwlrq ghflvlrq1

2 �|�ih iUL?L4i|h�U t|�_�it �@�i hi�i@*i_ |�i �4TLh|@?Ui Lu LUU�T@|�L?@* @?_ iUL?L4�U u@U|Lht Ei�}� |�i *LU@*
�?i4T*L)4i?| h@|i� L? _�t@M�*�|) @TT*�U@|�L? @?_ @�@h_ _iU�t�L?t� W| �t @*tL �i** !?L�? Etii 5LU�@* 5iU�h�|) �_��tLh)
�L@h_c �bbH�c |�@| |�ihi @hi *@h}i _�gihi?Uit �? |�i _i*@)t @?_ @�@h_ h@|it @4L?} |�i De t|@|i�h�? ##5<t @?_ |�i

L�ih �cfff �wa<t ��L �@?_*i @TTi@*t Lu #W _i?�@*t�
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Wkhuh duh d qxpehu ri vwdwlf vwuxfwxudo prghov ri wkh GL dssolfdwlrq surfhvv/ vxfk dv Kdoshuq dqg
Kdxvpdq +4<:;, dqg Nuhlghu +4<<<,1 Wkh sureohp zlwk wkhvh prghov lv wkdw wkh| duh lqfdsdeoh ri
fdswxulqj wkh g|qdplf dvshfwv ri wkh dssolfdwlrq dqg dsshdo surfhvv1 Zh xvh g|qdplf surjudpplqj
wr prgho wkh vhtxhqwldo ghflvlrq surfhvv ri zkhwkhu ru qrw wr dsso| iru GL ehqh�wv/ doorzlqj xv
wr h{solflwo| dffrxqw iru wkh srwhqwldo uhwxuqv/ xqfhuwdlqwlhv dqg _kdvvoh frvwv% dvvrfldwhg zlwk
vxeplwwlqj dq lqlwldo dssolfdwlrq iru ehqh�wv/ dqg ghflglqj zkhwkhu wr dsshdo ru uh0dsso| xsrq
ghqldo1 Wkh vxffhvv ri wkh GS dssurdfk lq prgholqj dqg suhglfwlqj uhwluhphqw ehkdylru +vhh/ h1j1
Uxvw dqg Skhodq 4<<:, vwurqjo| vxjjhvwv wkdw lw zloo |lhog dffxudwh iruhfdvwv ri fkdqjhv lq ydulrxv
dvshfwv ri wkh GL surjudp dqg dzdug surfhvv1

e #i@*�?} ��|� |�i ,?_L}i?i�|) Lu #�t@M�*�|) @?_ Oi@*|� 5|@|�t

D shuydvlyh frqfhuq zlwk wkh xvh ri vhoi0uhsruwhg khdowk dqg glvdelolw| phdvxuhv lq ehkdylrudo
prghov lv wkdw wkh| duh eldvhg dqg hqgrjhqrxv1 D frpprqo| vxjjhvwhg h{sodqdwlrq lv wkdw vxuyh|
uhvsrqghqwv h{djjhudwh wkh vhyhulw| ri khdowk sureohpv dqg lqflghqfh ri glvdelolwlhv lq rughu wr
udwlrqdol}h oderu irufh qrq0sduwlflsdwlrq/ dssolfdwlrq iru glvdelolw| ehqh�wv dqg2ru uhfhlsw ri wkrvh
ehqh�wv1 Zh uh0h{dplqhg wklv lvvxh +vhh Ehq��wh}0Vloyd hw do1 5333, xvlqj d vxevdpsoh ri KUV
uhvsrqghqwv zkr dssolhg iru GL ru VVL ehqh�wv/ dqg iru zklfk wkh VVD*v dzdug2ghq| ghflvlrq
frxog eh dvfhuwdlqhg1 Iru wkhvh lqglylgxdov zh kdyh wzr lqghshqghqw lqglfdwruv ri wkh lqglylgxdov
glvdelolw| vwdwxv= wkh lqglylgxdo*v vhoi0uhsruwhg glvdelolw| vwdwxv hg dqg VVD*v dzdug ghflvlrq hd1 Wkh
lqglfdwru hg htxdov 4 li wkh uhvsrqghqw uhsruwv wkdw wkh| kdyh d khdowk sureohp wkdw suhyhqwhg wkhp
iurp zrunlqj hqwluho|/ dqg 3 rwkhuzlvh1 Wkh lqglfdwru hd htxdov 4 li wkh uhvsrqghqw zdv xowlpdwho|
dzdughg GL ru VVL ehqh�wv +lqfoxglqj wkrvh zkr zhuh lqlwldoo| ghqlhg exw zhuh vxffhvvixo xsrq
dsshdo,/ dqg 3 rwkhuzlvh1 Zh whvwhg wkh k|srwkhvlv�zklfk zh whup wkh xqeldvhg uhsruwlqj +XU,
k|srwkhvlv�wkdw GL dqg VVL dssolfdqwv duh dzduh ri wkh fulwhuld dqg ghflvlrq uxohv wkdw VVD xvhv
lq pdnlqj dzdugv/ dqg lqglylgxdov dfw dv li wkh| zhuh dsso|lqj wkhvh vdph fulwhuld dqg uxohv zkhq
uhsruwlqj wkhlu rzq glvdelolw| vwdwxv1 Wkh XU k|srwkhvlv dprxqwv wr prphqw uhvwulfwlrqv jlyhq e|

Hi�d � �gm{j @ 3+, Sui�dm{j @ Sui �gm{j> +4,

zkhuh { ghqrwhv d yhfwru ri remhfwlyho| phdvxudeoh khdowk dqg vrflrhfrqrplf fkdudfwhulvwlfv1 Xvlqj
d ydulhw| ri sdudphwulf dqg qrq0sdudphwulf whvwv +h1j1 Krurzlw} dqg Vsrnrlq| +4<<<,,/ wkdw kdyh
rswlpdo udwh ri frqyhujhqfh djdlqvw d eurdg fodvv ri qrq0sdudphwulf dowhuqdwlyhv/ zh zhuh xqdeoh
wr uhmhfw wkh XU k|srwkhvlv/ hyhq zkhq zh xvhg d odujh qxpehu ri remhfwlyho| phdvxudeoh khdowk
dqg vrflrhfrqrplf fkdudfwhulvwlfv vlplodu wkrvh wkh VVD xvhv lq pdnlqj lwv dzdug ghflvlrqv/ dv
lqvwuxphqwv1 Wkxv rxu uhvxowv surylgh hylghqfh wkdw GL dssolfdqwv gr qrw h{djjhudwh wkhlu glvdelolw|
vwdwxv�dw ohdvw lq dqrq|prxv vxuyh|v vxfk dv wkh KUV1

Jlyhq wkh uhodwlyho| orz vdpsoh vl}hv dqg wkh devhqfh ri ixqfwlrqdo irup uhvwulfwlrqv/ wkh srzhu
ri wkhvh frqglwlrqdo prphqw whvwv fdq eh orz1 Khqfh/ zh dovr shuiruphg Zdog dqg Olnholkrrg Udwlr
whvwv ri d sdudphwulf yhuvlrq ri wkh XU k|srwkhvlv zkhuh wkh frqglwlrqdo suredelolwlhv duh ghulyhg
iurp wkh elyduldwh surelw ixqfwlrq=

Sui�dm{j @ HiL ^{�@ . �@ � 3`j> Sui �gm{j @ HiL^{�_ . �_ � 3`j> +5,

zkhuh +�@> �_, kdyh d elyduldwh qrupdo glvwulexwlrq zlwk phdq 3/ xqlw yduldqfh/ dqg fruuhodwlrq
frh�flhqw �1 Khuh/ wkh XU k|srwkhvlv dprxqwv wr wkh uhvwulfwlrq �@ @ �_1 Zh hpsor| erwk
d rqh0jurxs prgho dqg wzr0jurxs prgho1 Lq wkh odwwhu zh doorz iru wzr w|shv ri lqglylgxdov lq
wkh srsxodwlrq1 Lq wklv prgho wkhuh duh wzr vhwv ri sdudphwhu/ rqh iru hdfk jurxs/ �_� / �@� / dqg
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fruuhvsrqglqj �� / m @ 4> 51 Wkh XU k|srwkhvlv lpso| wkhq wkdw �@� @ �_� iru m @ 4> 51 Djdlq/ zh
duh xqdeoh wr uhmhfw wkh XU k|srwkhvlv dw frqyhqwlrqdo vljql�fdqfh ohyhov1

Wkh sdudphwulf prgho vxjjhvwv wkh iroorzlqj lqwhusuhwdwlrq ri wkh XU k|srwkhvlv1 Zlwkrxw
orvv ri jhqhudolw|/ VVD*v xowlpdwh dzdug ghflvlrq fdq eh uhsuhvhqwhg e| dq lqgh{ uxoh ghshqglqj rq
lqirupdwlrq { wkdw lv revhuyhg e| wkh hfrqrphwulfldq dqg rwkhu lqirupdwlrq �@ wkdw lv revhuyhg e|
VVD/ exw xqrevhuyhg e| wkh hfrqrphwulfldq1 Wkh frh�flhqw yhfwru �@ uhsuhvhqwv wkh zhljkwv VVD
dvvljqv wr ydulrxv khdowk frqglwlrqv dqg vrflrhfrqrplf fkdudfwhulvwlfv lq frplqj xs zlwk dq ryhudoo
_glvdelolw| vfruh% {�@. �@1 Lqglylgxdov zlwk vx�flhqwo| kljk glvdelolw| vfruhv duh dzdughg ehqh�wv
+uhsuhvhqwhg e| wkh duelwudu| fxwr� {�@ . �@ � 3, dqg wkh uhvw duh ghqlhg ehqh�wv1 Vlploduo|/
wkh lqglylgxdo*v vhoi0uhsruwhg glvdelolw| vwdwxv fdq dovr eh uhsuhvhqwhg e| dq lqgh{ uxoh zlwk wkh
fruuhvsrqglqj yhfwru ri zhljkwv �_/ dqg sulydwh lqirupdwlrq �_> wkdw lv revhuyhg e| wkh lqglylgxdo exw
qrw e| wkh hfrqrphwulfldq1 Wkh XU k|srwkhvlv dprxqwv wr d udwlrqdo h{shfwdwlrqv uhvwulfwlrq wkdw
lqglylgxdov xvh wkh vdph yduldeohv dqg zhljkwlqj yhfwru � l1h1 wkh vdph fulwhuld � dv VVD xvhv wr
pdnh GL ghwhuplqdwlrqv1 Krzhyhu/ lqglylgxdov* vhoi0uhsruwv dovr ghshqg rq sulydwh lqirupdwlrq �_/
wkdw lv xqrevhuyhg e| wkh VVD1 Olnhzlvh/ wkh VVD*v dzdug ghflvlrq pd| eh d�hfwhg e| _exuhdxfudwlf
qrlvh% �@ wkdw wkh lqglylgxdo grhv qrw revhuyh1 Wklv lpsolhv wkdw wkh lqglfdwruv �d dqg �g duh qrw
shuihfwo| fruuhodwhg/ krzhyhu/ li XU uhvwulfwlrq krogv wkhq wkh| kdyh lghqwlfdo frqglwlrqdo suredelolw|
glvwulexwlrqv1 Wkxv/ zkloh zh frqfoxgh wkdw vhoi0uhsruwhg glvdelolw| vwdwxv dsshduv wr eh _dffxudwh%
dqg _h{rjhqrxv% lq wkh vhqvh ri frqiruplqj wr wkh vdph vwdqgdugv VVD xvhv/ iurp dq djjuhjdwh
shuvshfwlyh glvdelolw| vwdwxv lv hqgrjhqrxv/ vlqfh wkh XU k|srwkhvlv lpsolhv wkdw fkdqjhv lq VVD*v
fulwhuld iru ghwhuplqlqj glvdelolw| vwdwxv d�hfwv lqglylgxdov* vhoi0shufhswlrqv ri glvdelolw| vwdwxv1 Dq
lpsruwdqw dvshfw ri rxu uhvhdufk zloo eh wr h{dplqh wkh lpsolfdwlrqv ri wklv k|srwkhvlv iru srolf|
pdnlqj e| VVD1
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Wklv vhfwlrq rxwolqhv rxu sodqv wr hvwlpdwh d g|qdplf surjudpplqj +GS, prgho ri pdoh dqg ihpdoh
oderu vxsso| dqg vrfldo lqvxudqfh dssolfdwlrq ghflvlrqv dw wkh hqg ri wkh olih f|foh1 Wkh iroorzlqj
nh| dvshfwv ri wkh X1V1 Vrfldo Vhfxulw| surjudp dqg sulydwh lqvxudqfh dqg shqvlrqv zloo eh prghohg=
+4, Rog Djh dqg Vxuylyruv +RDVL,> +5, Phglfduh2Phglfdlg +PF/ PFD,> +6, Glvdelolw|/ lqfoxglqj
Vxssohphqwdo Vhfxulw| Lqfrph +VVGL/ VVL,> +7, sulydwh khdowk lqvxudqfh> +8, sulydwh shqvlrqv dqg
dqqxlwlhv> +9, Xqhpsor|phqw dqg Zrunhu*v Frpshqvdwlrq +XL/ ZF,/ dqg +:, mrlqw ghflvlrqv ri
frxsohv lq d krxvhkrog1 Rxu lqlwldo zrun zloo irfxv rq ghyhorslqj d prgho wkdw lqfrusrudwhv lwhpv
+4, wr +7,/ dqg rqfh wklv lv vxffhvvixo zh zloo jr rq wr h{whqg wkh prgho wr lqfrusrudwh lwhpv +8, wr
+;,1

Rxu xowlpdwh jrdo lv wr ghyhors d GS prgho zkhuh ghflvlrqv duh pdgh rq d prqwko| edvlv1
Krzhyhu/ rxu lqlwldo zrun zloo irfxv rq exloglqj d GS prgho zkhuh ghflvlrqv duh wdnhq dw dqqxdo
lqwhuydov1 D prqwko| prgho lv qhfhvvdu| iru prgholqj fhuwdlq ghwdlov ri wkh GL dssolfdwlrq dqg
dsshdo surfhvv/ vlqfh d vhtxhqfh ri dssolfdwlrq/ dzdug2ghqldo/ dqg dsshdo ghflvlrqv fdq riwhq rffxu
zlwklq d vlqjoh |hdu1 Zh sodq wr xvh wkh ydoxh ixqfwlrqv +wr eh ghvfulehg ehorz, iurp rxu dqqxdo
prgho dv whuplqdo ydoxh ixqfwlrqv iru d vhulhv ri qhvwhg prqwko| ohyho GS _vxe0sureohpv%1 Wklv
h{whqghg prgho zloo lqfrusrudwh wkh prqwk e| prqwk ghflvlrqv rq oderu vxsso|/ shqvlrqv/ glv0
delolw| xqhpsor|phqw/ zrunphq*v frpshqvdwlrq dssolfdwlrq ghflvlrqv/ hwf1 Wkh GS prgho zloo eh
surjudpphg lq F/ xvlqj wkh Sdudooho Yluwxdo Pdfklqh +SYP, oleudu| wr glvwulexwh wkh frpsxwdwlrq
ryhu vhyhudo qhwzrunhg Xql{ zrunvwdwlrqv orfdwhg dw \doh/ Eurzq/ dqg VXQ\1 Doo gdwd dqg vrxufh
frgh ghyhorshg iurp QLK ixqglqj zloo eh iuhho| dydlodeoh wr wkh uhvhdufk frppxqlw| ryhu wkh zhe1

Shukdsv wkh ehvw zd| wr ghvfuleh wkh GS prgho dqg looxvwudwh wkh ihdvlelolw| ri rxu dssurdfk
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lv wr irupxodwh/ vroyh/ dqg vlpxodwh d vshfl�f surwrw|sh ri wkh GS prgho zh duh sodqqlqj wr
h{whqg/ dqg hpslulfdoo| lpsohphqw/ ryhu wkh frxuvh ri wklv uhvhdufk surmhfw1 Zh hpskdvl}h wkdw
wkh iroorzlqj prgho lv suholplqdu| dqg lv suhvhqwhg wr surylgh d frqfuhwh looxvwudwlrq ri krz d
uhodwlyho| vlpsoh dqg sduvlprqlrxvo| sdudphwul}hg vshfl�fdwlrq ri d GS prgho fdq |lhog ulfko|
ghwdlohg/ lqwxlwlyho| sodxvleoh vroxwlrqv1 Zh gr qrw fodlp wkdw wklv looxvwudwlyh prgho lv hpslulfdoo|
_uhdolvwlf% dw wklv srlqw1 Lqghhg/ wkh sxusrvh ri wklv sursrvdo lv wr rewdlq wkh qhfhvvdu| ixqglqj
wr ghyhors hpslulfdoo| uhdolvwlf vshfl�fdwlrqv zkrvh xqnqrzq sdudphwhuv zloo eh hfrqrphwulfdoo|
hvwlpdwhg xvlqj wkh KUV2DKHDG gdwd1

D nh| sduw ri rxu uhvhdufk sodq lv wr vxemhfw rxu prghov wr uljrurxv vshfl�fdwlrq dqg jrrgqhvv
ri �w whvwv/ dv zhoo dv whvwv ri wkh prgho*v delolw| wr surylgh rxw0ri0vdpsoh suhglfwlrqv ri lqglylgxdov*
uhvsrqvhv wr srolf| fkdqjhv1 Rqh lqwhuhvwlqj vhw ri rxw0ri0vdpsoh suhglfwlyh whvwv zloo eh frqgxfwhg
e| Mrkq Uxvw/ zkr lv dq h{shuw dgylvru wr VVD*v ghprqvwudwlrq surmhfw iru wkh 4<<< _Wlfnhw wr
Zrun dqg Zrun Lqfhqwlyhv Lpsuryhphqw Dfw% +SO 4390:3,1 Wklv ohjlvodwlrq lv ghvljqhg wr fuhdwh
lqfuhdvhg lqfhqwlyhv iru GL dqg VVL ehqh�fldulhv wr uhwxuq wr zrun/ dqg wr xowlpdwho| ohdyh wkh
urohv yld d ydulhw| ri srolflhv/ lqfoxglqj= +4, dowhulqj wkh 57 prqwk zdlwlqj shulrg iru Phglfduh
ehqh�wv> +5, ohqjwkhqlqj wkh wuldo zrun shulrg> +6, judgxdoo| uhgxflqj ehqh�wv sdlg wr zrunhuv
vlplodu wr wkh RD _hduqlqjv whvw% udwkhu wkdq fxwwlqj r� ehqh�wv hqwluho|> dqg +7, h{sdqglqj wkh
xvh ri mre wudlqlqj/ yrfdwlrqdo uhkdelolwdwlrq/ dqg sodfhphqw vhuylfhv1 Wkh ohjlvodwlrq uhtxluhv wkh
VVD wr frqgxfw frqwuroohg h{shulphqwv zlwk kxpdq vxemhfwv wr jdxjh zklfk ri wkhvh srolflhv +ru
frpelqdwlrq wkhuhri, zrxog eh prvw h�hfwlyh lq hqfrxudjlqj GL ehqh�fldulhv wr uhwxuq wkh zrun/
dqg xowlpdwho| ohdyh wkh urohv1 Wklv w|sh ri h{shulphqw surylghv dq lghdo rssruwxqlw| iru whvwlqj
wkh suhglfwlrqv ri rxu GS prgho1 Iru hdfk sursrvhg srolf| fkdqjh zh fdq vroyh wkh GS prgho dqg
jhqhudwh suhglfwlrqv ri krz lqglylgxdov zloo uhdfw wr lw1 Wkhq/ zh fdq frpsduh wkhvh suhglfwlrqv wr
wkh rxwfrph ri wkh ghprqvwudwlrq h{shulphqwv wr vhh krz forvh wkh uhvsrqvhv ri wkh kxpdqv duh wr
wkh suhglfwlrqv ri wkh GS prgho1

Li wkh GS prgho kdv d jrrg lq0vdpsoh �w +xvlqj wkh KUV2DKHDG gdwd, dqg lv deoh wr dffxudwho|
suhglfw lqglylgxdov* uhvsrqvh wr srolf| fkdqjhv rxw0ri0vdpsoh +dqg dv glvfxvvhg deryh/ wkhuh lv vwurqj
wkhruhwlfdo uhdvrq wr eholhyh wkdw d vwuxfwxudo GS lv wkh prvw surplvlqj dssurdfk iru suhglfwlqj
dqg dqdo|}lqj srolf| fkdqjhv,/ wkhq lw vkrxog eh fohdu wkdw rxu prgho frxog kdyh d zlgh duud|
ri sudfwlfdo dssolfdwlrqv lqfoxglqj hydoxdwlqj wkh �vfdo/ zhoiduh/ dqg glvwulexwlrqdo lpsolfdwlrqv ri
dowhuqdwlyh sursrvdov iru uhiruplqj ydulrxv sduwv ri wkh X1V1 Vrfldo Vhfxulw| v|vwhp1 Zh surylgh dq
h{dpsoh ri krz rxu prgho fdq eh xvhg wr hydoxdwh hyhq idluo| _udglfdo% srolf| fkdqjhv/ lqfoxglqj
sduwldo ru frpsohwh _sulydwl}dwlrq% ri wkh Vrfldo Vhfxulw| v|vwhp/ dqg uhfhqw sursrvdov iru fkdqjlqj
wkh frpsoh{ exuhdxfudwlf surfhvv iru dzduglqj glvdelolw| ehqh�wv1

Dowkrxjk vlpsol�hg lq vhyhudo uhvshfwv/ rxu looxvwudwlyh prgho douhdg| frqvwlwxwhv rqh ri wkh prvw
dpelwlrxv dqg ghwdlohg frpsxwdwlrqdo prghov ri olih0f|foh ehkdylru wkdw kdv hyhu ehhq irupxodwhg
dqg vroyhg1 Zh sd| vshfldo dwwhqwlrq wr surylglqj d idluo| uhdolvwlf wuhdwphqw ri wkh pdlq ihdwxuhv ri
wkh X1V1 Vrfldo Vhfxulw| v|vwhp lqfoxglqj wkh Glvdelolw| Lqvxudqfh surjudp1 H{fhsw iru wkh Sk1G1
wkhvlv ri Ehq��wh}0Vloyd +5333,/ qr rwkhu vwxg| kdv dwwhpswhg wr prgho erwk wkh frqvxpswlrq2vdylqjv
dqg oderu2ohlvxuh ghflvlrqv mrlqwo| lq d iudphzrun wkdw lqfoxghv d uhdolvwlf wuhdwphqw ri wkh X1V1
Vrfldo Vhfxulw| v|vwhp1�

Zh vroyh dq ;3 shulrg prgho e| edfnzdug lqgxfwlrq/ vwduwlqj iurp wkh whuplqdo djh ri 433
dqg zrunlqj edfnzdug xqwlo djh 54/ zkhq zh dvvxph lqglylgxdov hqwhu wkh oderu irufh1 Djhqwv
lq rxu prgho pdnh wkuhh ghflvlrqv dw wkh vwduw ri hdfk shulrg1 Wkhvh fkrlfhv duh ghqrwhg e| wkh
wkuhh yduldeohv io|> f|> vvg|j1 Khuh/ o| ghqrwhv ohlvxuh/wkdw lv/ wkh dprxqw ri zdnlqj wlph ghyrwhg
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wr qrq0zrun dfwlylwlhv/ zkhuh wkh dprxqw ri zdnlqj wlph gxulqj d |hdu +dvvxphg wr eh 45 krxuv
shu gd|/ ru d wrwdo ri 45�698 krxuv ryhu wkh |hdu, lv qrupdol}hg wr 41 Wkxv/ o| @ 4 fruuhvsrqgv
wr qrw zrunlqj dw doo/ o| @ =876 @ +45 � 698 � 5333,@+45 � 698, fruuhvsrqgv wr ixoo wlph zrun +l1h1/
zrunlqj 5333 krxuv shu |hdu,/ zkloh o| @ =;4: @ +45 � 698� ;33,@+45 � 698, fruuhvsrqgv wr sduw wlph
zrun +l1h1/ zrunlqj ;33 krxuv shu |hdu,1 Wkh txdqwlw| f| ghqrwhv frqvxpswlrq h{shqglwxuhv/ zklfk
duh/ qdwxudoo|/ wuhdwhg dv d frqwlqxrxv yduldeoh1 Wkh txdqwlw| vvg| ghqrwhv wkh lqglylgxdo*v Vrfldo
Vhfxulw| ghflvlrq/ zkhuh vvg| @ 4 ghqrwhv wkh ghflvlrq wr dsso| iru Rog Djh ehqh�wv/ vvg| @ 5
ghqrwhv wkh ghflvlrq wr dsso| iru GL ehqh�wv/ dqg vvg| @ 3 ghqrwhv wkh ghflvlrq qrw wr dsso|
iru ehqh�wv1 Vrph ri wkhvh fkrlfhv pd| eh lqihdvleoh xqghu fhuwdlq flufxpvwdqfhv1 Iru h{dpsoh/
lqglylgxdov zkr duh xqghu wkh hduo| uhwluhphqw djh +ghqrwhg e| HUD/ fxuuhqwo| vhw dw 95, duh
qrw doorzhg wr uhfhlyh RD ehqh�wv1 Khqfh/ wkhlu fkrlfh vhw uhgxfhv wr vvg| 5 i3> 5j1 Diwhu wkh
qrupdo uhwluhphqw djh wkh RD dqg GL surjudpv duh irupdoo| phujhg/ wkxv wkh fkrlfh vhw uhgxfhv wr
vvg| 5 i3> 4j1 Dovr li d shuvrq lv douhdg| uhfhlylqj RD ehqh�wv wkh| fdqqrw uh0dsso| iru dgglwlrqdo
ehqh�wv/ vr wkh| idfh qr ixuwkhu fkrlfhv xqohvv wkhlu djh w vdwlv�hv HUD � w ? QUD> lq zklfk fdvh
wkh| vwloo kdyh wkh rswlrq wr dsso| iru GL ehqh�wv/ hyhq zkloh uhfhlylqj RD ehqh�wv1

Wkh vwdwhri dq lqglylgxdo dw dq| srlqw lq wlph fdq eh vxppdul}hg e| irxu yduldeohv= Fxuuhqw djh
w/ qhw +wdqjleoh, zhdowk z|/ wkh lqglylgxdo*v Vrfldo Vhfxulw| vwdwh vv|/ dqg wkh lqglylgxdo*v dyhudjh
zdjh/ dz|1 Wkh vv| yduldeoh kdv wkuhh pxwxdoo| h{foxvlyh ydoxhv= vv| @ 3 +qrw hqwlwohg wr ehqh�wv,/
vv| @ 4 +hqwlwohg wr RD ehqh�wv,/ dqg vv| @ 5 +hqwlwohg wr GL ehqh�wv,1 Dv qrwhg deryh/ wkh RD
dqg GL surjudpv duh phujhg diwhu wkh QUD/ vr wkdw dq| lqglylgxdo zlwk vv| @ 5 lv dxwrpdwlfdoo|
frqyhuwhg wr vv| @ 4 zkhq w � QUD1

Wkh dyhudjh zdjh/ dz|/ lv d nh| yduldeoh lq wkh GS prgho/ vhuylqj wzr urohv= +4, lw dfwv dv d
phdvxuh ri _shupdqhqw lqfrph% wkdw vhuyhv dv frqyhqlhqw _vx�flhqw vwdwlvwlf% iru suhglfwlqj wkh
hyroxwlrq ri dqqxdo zdjh hduqlqjv> dqg +5, lw lv nh| wr dffxudwho| prgholqj wkh uxohv jryhuqlqj
sd|phqw ri Vrfldo Vhfxulw| ehqh�wv1 Wkh Vrfldo Vhfxulw| uxohv duh idluo| frpsolfdwhg/ exw fdq
eh vxppdul}hg dv iroorzv1 Dq lqglylgxdo*v kljkhvw 68 |hduv ri hduqlqjv duh dyhudjhg/ dqg wkh
uhvxowlqj Dyhudjh Lqgh{hg Hduqlqjv lv ghqrwhg +rq dq dqqxdol}hg edvlv, dv dz|1 Wkh srwhqwldo
Vrfldo Vhfxulw| ehqh�w udwh iru uhwlulqj dw wkh qrupdo uhwluhphqw djh +QUD,/ wkh vr0fdoohg Sulpdu|

Lqvxudqfh Dprxqw +SLD,/ lv d slhfh0zlvh olqhdu/ frqfdyh ixqfwlrq ri dz|/ zkrvh ydoxh +rq dq dqqxdo
edvlv, lv ghqrwhg e| sld+dz|,1

Wkh idfw wkdw dz| lv dq dyhudjh ri wkh 68 |hduv ri kljkhvw hduqlqjv vxjjhvwv wkdw wr lq rughu
wr dffxudwho| prgho wkh X1V1 Vrfldo Vhfxulw| v|vwhp zh zrxog qhhg wr fduu| dv vwdwh yduldeohv
dq lqglylgxdo*v hqwluh sdvw hduqlqjv klvwru|1 Krzhyhu/ gxh wr wkh _fxuvh ri glphqvlrqdolw|% ri
vroylqj kljk0glphqvlrqdo GS sureohpv/ wklv dssurdfk lv qrw ihdvleoh1 Iruwxqdwho|/ lw lv srvvleoh wr
dssur{lpdwh wkh hyroxwlrq ri dyhudjh zdjhv lq d Pdunryldq idvklrq/ l1h1/ wr �qg d irupxod wkdw
doorzv xv wr pdnh kljko| dffxudwh suhglfwlrqv ri qh{w shulrg dyhudjh zdjh dz|n� xvlqj rqo| djh/ w/
fxuuhqw dyhudjh zdjh/ dz|/ dqg fxuuhqw shulrg hduqlqjv/ ||1 Iljxuh 814 looxvwudwhv wklv1

Zh dvvxphg wkdw wkh srwhqwldo hduqlqjv dq lqglylgxdo frxog pdnh iurp zrunlqj ixoo wlph duh
jlyhq e| LLG ghyldwlrqv derxw d txdgudwlf djh0hduqlqjv sur�oh vxfk dv lv vkrzq lq wkh ohiw sdqho ri
�jxuh 814 ehorz1 Dvvxplqj iru wkh prphqw wkdw wklv lv wkh _wuxh prgho% iru lqglylgxdo hduqlqjv/
zh jhqhudwhg dq duwl�fldo gdwd vhw ri vlpxodwhg hduqlqjv klvwrulhv/ dvvxplqj hdfk lqglylgxdo zrunv
ixoo wlph iurp djh 54 xqwlo uhwluhphqw dw wkh HUD1 Iru hdfk vlpxodwhg hduqlqjv klvwru|/ zh xvhg
wkh dfwxdo Vrfldo Vhfxulw| uxohv wr frpsxwh wkh fruuhvsrqglqj vhtxhqfh ri dyhudjh zdjhv1 Wklv lv
vkrzq lq wkh uljkw sdqho ri �jxuh 8141 Qrwlfh wkdw vlqfh dz| lv d orqj prylqj dyhudjh ri sdvw zdjhv
zdjhv/ wkh lpsolhg sdwk iru idz|j lv idu ohvv yduldeoh wkdq wkh sdwk ri hduqlqjv i||j1
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Iljxuh 814= Djh0hduqlqjv sur�ohv dqg wkh lpsolhg sdwk ri dyhudjh zdjhv

Zh xvhg wkh revhuyhg vhtxhqfh ri dyhudjh zdjhv dv uhjuhvvruv wr hvwlpdwh wkh iroorzlqj +_plv0
vshfl�hg%, orj0qrupdo uhjuhvvlrq prgho ri dq lqglylgxdo*v dqqxdo hduqlqjv=

orj+||, @ �� . �2 orj+dz|, . ��w. �ew
2 . �| +6,

Hyhq wkrxjk wklv uhjuhvvlrq grhv qrw fruuhvsrqg wr wkh wuxh surfhvv e| zklfk hduqlqjv duh jhqhudwhg
+l1h1 dv LLG lqqrydwlrqv durxqg wkh txdgudwlf _edvh fdvh% djh0hduqlqjv sur�oh lq wkh ohiw sdqho ri
�jxuh 814,/ wkh U2 ri wkh deryh uhjuhvvlrq lv =<<<73/ dqg dv zh fdq vhh iurp wkh fxuyhv odehoohg
_uhjuhvvlrq suhglfwlrq% lq wkh ohiw sdqho ri �jxuh 814/ wkh plvvshfl�hg uhjuhvvlrq prgho lq htxdwlrq
+6, wudfnv wkh wuxh djh0hduqlqjv sur�oh�wkh frqglwlrqdo h{shfwdwlrq ri wkh zdjh glvwulexwlrq�yhu|
forvho|1 Zh dovr hvwlpdwhg d orj0qrupdo uhjuhvvlrq prgho iru dyhudjh zdjhv=

orj+dz|n�, @ �� . �2 orj+||, . �� orj+dz|, . �ew. �Dw
2 . �| +7,

Zh dovr irxqg ri yhu| kljk U2 +=<<<<;, iru wklv vshfl�fdwlrq/ zlwk dq h{wuhpho| vpdoo hvwlpdwhg
vwdqgdug huuru/ uhvxowlqj iurp wkh orz yduldelolw| ri wkh idz|j vhtxhqfhv1 Dv zh fdq vhh lq wkh
uljkw kdqg sdqho ri �jxuh 814/ wkh plvvshfl�hg uhjuhvvlrq suhglfwlrqv ri dyhudjh zdjhv/ xvlqj wkh
Pdunryldq dssur{lpdwlrq lq htxdwlrq +7,/ surylghv d kljko| dffxudwh hvwlpdwh ri wkh _wuxh% dyhudjh
zdjhv/ l1h1 wkh ydoxhv wkdw frph rxw ri wkh dfwxdo irupxod xvhg e| Vrfldo Vhfxulw|1 Wklv �qglqj lv
kljko| hqfrxudjlqj/ vlqfh lw lv d nh| uhvxow iru dq lpsruwdqw frpsxwdwlrqdo vlpsol�fdwlrq wkdw doorzv
xv wr dffxudwho| prgho wkh Vrfldo Vhfxulw| uxohv lq rxu GS prgho zlwk idu ihzhu yduldeohv wkdq zrxog
rwkhuzlvh eh qhhghg1 Lq vxevhtxhqw uhvhdufk zh zloo uh0hvwlpdwh wkhvh uhjuhvvlrq prghov xvlqj wkh
uhvwulfwhg KUV gdwd rq Vrfldo Vhfxulw| hduqlqjv klvwrulhv dqg dyhudjh zdjhv1 Zh xvh vlpxodwhg
gdwd khuh wr dyrlg dq| srvvleoh frq�ghqwldolw| lvvxhv1

Rxu GS prgho dovr dffrxqwv iru wkh rwkhu nh| ghwdlov ri wkh Vrfldo Vhfxulw| uxohv1 Iru h{dpsoh/
wkhuh lv d shqdow| iru uhwlulqj sulru wr wkh qrupdo uhwluhphqw djh1 Wkdw lv/ dq lqglylgxdo*v SLD
lv shupdqhqwo| uhgxfhg e| dq dfwxduldo uhgxfwlrq idfwru ri h{s+�j�n,/ zkhuh n lv wkh qxpehu ri
|hduv sulru wr wkh QUD +wr d pd{lpxp ri QUD0HUD, wkdw wkh lqglylgxdo �uvw vwduwv uhfhlylqj RD
ehqh�wv1 Rxu GS prgho xvhv wkh dfwxduldo uhgxfwlrq udwh j� @ =3:46 wkdw lv fxuuhqwo| lq h�hfw lq
wkh X1V1 Li d shuvrq lv dffhswhg lqwr wkh GL surjudp/ kh2vkh uhfhlyhv wkh ixoo SLD uhjdugohvv ri
klv2khu djh1

Wr lqfuhdvh wkh lqfhqwlyhv wr ghod| uhwluhphqw/ wkh 4<;6 Vrfldo Vhfxulw| uhirupv judgxdoo| lq0
fuhdvhg wkh QUD iurp 98 wr 9: dqg lqfuhdvhg wkh ghod|hg uhwluhphqw fuhglw1 Wklv lv d shupdqhqw
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lqfuhdvh lq wkh SLD e| d idfwru ri h{sij2nj/ zkhuh n ghqrwhv wkh qxpehu ri |hduv diwhu wkh QUD
wkdw wkh lqglylgxdo ghod|v uhfhlylqj RD ehqh�wv1 Wkh udwh j2 lv ehlqj judgxdoo| lqfuhdvhg ryhu
wlph1 Lq wkh vlpxodwlrqv ehorz zh xvh wkh fxuuhqw ydoxh ri j2 @ 3=3::1 Wkh pd{lpxp ydoxh ri n lv
PUD0QUD/ zkhuh PUD ghqrwhv d _pd{lpxp uhwluhphqw djh% +fxuuhqwo| :3,/ eh|rqg zklfk ixu0
wkhu ghod|v lq uhwluhphqw |lhog qr ixuwkhu lqfuhdvhv lq SLD1 Iru wklv uhdvrq/ lw lv qrw rswlpdo wr ghod|
dsso|lqj iru RD ehqh�wv eh|rqg wkh PUD/ ehfdxvh/ gxh wr pruwdolw|/ ixuwkhu ghod|v qhfhvvdulo|
uhgxfh wkh suhvhqw ydoxh ri RD ehqh�wv wkh shuvrq zloo froohfw ryhu wkhlu uhpdlqlqj olihwlph1e

Wkh �qdo dvshfw ri wkh Vrfldo Vhfxulw| uxohv frqfhuqv wd{dwlrq ri ehqh�wv1 Lqglylgxdov zkrvh
frpelqhg lqfrph +lqfoxglqj Vrfldo Vhfxulw| ehqh�w, h{fhhgv d jlyhq wkuhvkrog pxvw sd| Ihghudo
Lqfrph wd{hv rq d sruwlrq ri wkhlu Vrfldo Vhfxulw| ehqh�wv1 Zh lqfrusrudwh wkhvh uxohv lq rxu prgho
dv zhoo dv wkh 481:8( Vrfldo Vhfxulw| sd|uroo wd{/ lq dgglwlrq wr wkh Ihghudo lqfrph wd{/ rq zdjh
hduqlqjv1 Lq dgglwlrq wr wkhvh wd{hv/ zh dffrxqw iru wkh Vrfldo Vhfxulw| hduqlqjv whvw1 Li d shuvrq
uhwluhv ehwzhhq wkh HUD dqg QUD/ hdfk groodu ri hduqlqjv deryh d fhuwdlq wkuhvkrog +fxuuhqwo|
'43/;33, uhvxowv lq d 83 fhqw uhgxfwlrq lq Vrfldo Vhfxulw| ehqh�wv1 Ehwzhhq wkh QUD dqg PUD
wkh lpsolflw hduqlqjv whvw wd{ udwh idoov wr 66( iru hduqlqjv deryh d kljkhu wkuhvkrog +fxuuhqwo|
'4:/333,1D Iru lqglylgxdov zkr duh deryh wkh PUD/ wkhuh lv qr hduqlqjv whvw1

Zh fdq vxppdul}h doo ri wkh Vrfldo Vhfxulw| uxohv yld wkh Vrfldo Vhfxulw| ehqh�w ixqfwlrq

vve|+dz> |> vv> vvg,1 Wklv ixqfwlrq frpsohwho| hperglhv wkh VVD*v uxohv/ lqfoxglqj wkh ghwhupl0
qdwlrq SLD iurp dyhudjh zdjhv/ wkh srwhqwldo uhgxfwlrq lq ehqh�wv gxh wr hduqlqjv whvw/ dqg wkh
dgmxvwphqw ri wkh SLD iru uhwluhphqw ehiruh ru diwhu wkh QUD dv glvfxvvhg deryh1 Zh kdyh frghg
wklv ixqfwlrq lq F dqg Jdxvv/ zklfk duh vlpsol�hg yhuvlrqv ri wkh VVD*v rzq DQ\SLD surjudp/
h{fhsw wkdw rxu yhuvlrq lqfrusrudwhv VVL dqg GL ehqh�wv dv zhoo dv RD ehqh�wv1

Ilqdoo|/ rxu prgho surylghv d vlpsol�hg dffrxqw ri wkh GL dzdug2dsshdo surfhvv1 Zh dvvxph
wkdw li d shuvrq dssolhv iru GL ehqh�wv exw frqwlqxhv wr zrun/ wkhuh lv qr fkdqfh ri ehlqj dzdughg
ehqh�wv gxh wr wkh whvw iru _vxevwdqwldo jdlqixo dfwlylw|%1 Krzhyhu/ hyhq li d shuvrq lv qrw zrunlqj/
wkhuh lv rqo| d suredelolw| sdzdug+w>z|, wkdw d shuvrq ri djh w dqg zhdowk z| zloo eh dzdughg
ehqh�wv1 Hyhq li ehqh�wv duh dzdughg wkhuh lv d vl{ prqwk zdlwlqj shulrg ehiruh wkh| fdq eh sdlg1
Dgglqj rq wkh w|slfdo ghod|v lq wkh dssolfdwlrq dqg dsshdo surfhvv/ zh dvvxph wkdw li d shuvrq
dssolhv iru GL dw wkh ehjlqqlqj ri |hdu w/ wkhq kh2vkh zloo qrw uhfhlyh dq| ehqh�wv gxulqj wkdw |hdu/
exw zloo eh qrwl�hg zkhwkhu kh2vkh lv dffhswhg lqwr wkh surjudp dw wkh vwduw ri |hdu w.41 Dw wkdw
wlph wkh lqglylgxdo fdq vwduw uhfhlylqj ehqh�wv1 Zh gr qrw prgho wkh wuldo zrun shulrg dw wklv
vwdjh/ exw udwkhu dvvxph wkdw li d GL uhflslhqw zrunv ixoo ru sduw wlph/ kh2vkh zloo eh lpphgldwho|
ghwhfwhg dqg uhpryhg iurp wkh surjudp1 Zh dvvxph wkdw VVD dovr udqgrpo| dxglwv GL uhflslhqwv
zkr duh qrw zrunlqj/ dqg zlwk suredelolw| sdxglw+w>z|, d GL uhflslhqw fdq eh uhpryhg iurp wkh
urohv1 Zh fxuuhqwo| vhw wkh dxglw2uhprydo suredelolw| wr d yhu| orz ydoxh/ derxw 4(/ uh�hfwlqj wkh
idfw wkdw dxglwv kdyh qrw ehhq h{whqvlyho| xvhg vlqfh wkh Uhdjdq2Exvk dgplqlvwudwlrq/ dowkrxjk
wkh lqflghqfh ri FGU*v kdv ehhq lqfuhdvlqj lq uhfhqw |hduv1

Wr frpsohwh wkh vshfl�fdwlrq ri wkh GS prgho/ zh qhhg wr pdnh vrph dvvxpswlrqv derxw
lqglylgxdov* khdowk/ pruwdolw|/ dqg suhihuhqfhv iru ohlvxuh dqg frqvxpswlrq1 Lq wklv surwrw|sh yhuvlrq
ri wkh prgho zh kdyh qrw lqfoxghg dq h{wud vwdwh yduldeoh wr ghvfuleh khdowk vwdwxv1 Lqvwhdg/ zh
dvvxph wkdw doo lqglylgxdov ri d jlyhq djh duh htxdoo| khdowk|/ dowkrxjk zh gr lpsolflwo| dffrxqw iru
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d plog _djlqj h�hfw% e| dgglwlrqdoo| dvvxplqj wkdw wkh glvxwlolw| ri oderu h�ruw judgxdoo| lqfuhdvhv
dv wkh shuvrq djhv1 Zh ixuwkhu dvvxph wkdw wkh pd{lpxp srvvleoh djh iru dq| lqglylgxdo lv 433/
exw lqglylgxdov fdq dovr glh sulru wr djh 433 dffruglqj wr djh vshfl�f ghdwk udwhv wdnhq iurp wkh
X1V1 Ghfhqqldo Olih Wdeohv +Wdeoh 5 lq Yro 41/ Qr1 4 ri wkh 4<<: Uhsruw ri wkh X1V1 Fhqwhu iru
Glvhdvh Frqwuro,1

Li wklv sursrvdo lv ixqghg/ d pdmru sulrulw| zloo eh ghyrwhg wr lqyhvwljdwlqj wkh ehvw zd| wr
lqfrusrudwh khdowk vwdwxv lqwr wkh GS prgho xvlqj wkh ulfk vhw ri yduldeohv lq wkh KUV2DKHDG
gdwd vhw1 Zh zloo lqwurgxfh rqh ru pruh khdowk vwdwh yduldeohv wkdw fdq hqdeoh xv wr glvwlqjxlvk
ehwzhhq whpsrudu| dfxwh khdowk sureohpv dqg fkurqlf khdowk frqglwlrqv/ dv zhoo dv phdvxuhv wkdw
dffrxqw iru ydu|lqj ghjuhhv ri vhyhulw| ri khdowk sureohpv/ zlwk wkh prvw h{wuhph ri wkhvh +vkruw ri
ghdwk, ehlqj lqwhusuhwhg dv glvdeolqj khdowk sureohpv1 Zh zloo dovr xvh KUV2DKHDG wr hvwlpdwh
d ulfkhu prgho ri pruwdolw|/ lqfoxglqj khdowk/ zhdowk/ pdulwdo vwdwxv/ hgxfdwlrq/ dqg rwkhu yduldeohv
dv fryduldwhv lqvwhdg ri mxvw djh dqg vh{ wkdw vwdqgdug olih0wdeohv surylgh1S

Zh dvvxph wkdw wkh lqglylgxdo*v xwlolw| iru frqvxpswlrq dqg ohlvxuh lv jlyhq e|

x|+f> o, @
^fb|o�3b| `�34|

+4� �|,
> +8,

zkhuh zh doorz wkh sdudphwhuv +�|> �|, wr ghshqg rq djh/ uh�hfwlqj _djlqj h�hfwv%1 Wkh sdudphwhu
�| lv wkh frh�flhqw ri uhodwlyh ulvn dyhuvlrq/ dqg lw frxog srwhqwldoo| lqfuhdvh zlwk djh/ dowkrxjk zh
�{ �| @ 4=8 iru doo w lq wkh vlpxodwlrq uhvxowv suhvhqwhg ehorz1 Wkh sdudphwhu �| jryhuqv wkh uhodwlyh
zhljkw wkh lqglylgxdo sodfhv rq frqvxpswlrq yhuvxv ohlvxuh1 Ghfuhdvlqj wkh ydoxh ri �| fruuhvsrqgv
wr sodflqj ohvv zhljkw rq frqvxpswlrq dqg pruh zhljkw rq ohlvxuh/ ru/ vwdwhg gl�huhqwo|/ ghfuhdvlqj
wkh ydoxh ri �| lv htxlydohqw wr lqfuhdvlqj wkh pdujlqdo glvxwlolw| ri oderu vxsso|1 Lq wkh vlpxodwlrqv
ehorz zh dvvxph wkdw �| @ =9@+4 . w@83,/ vr wkdw �| judgxdoo| ghfuhdvhv iurp �2� @ =896 dw djh 54
wr ��ff @ =5999 dw djh 4331 Wklv fdq eh lqwhusuhwhg dv d zd| ri prgholqj wkh h�hfw ri judgxdoo|
ghfolqlqj khdowk zlwk djh1 Exw/ dv qrwhg deryh/ wkhuh lv qr _glvdelolw|% lq rxu prgho= zh gr qrw
doorz wkh pdujlqdo glvxwlolw| ri h�ruw wr vxgghqo| lqfuhdvh/ ru wkh zdjh udwh wr vxgghqo| ghfuhdvh1
Wklv zloo eh lqfrusrudwhg lqwr ixwxuh h{whqvlrqv ri wkh prgho wkdw doorz iru d khdowk vwdwh yduldeoh1
Zh dovr dvvxph wkdw lqglylgxdov kdyh d ehtxhvw prwlyh1 Wklv lv fdswxuhg e| d xwlolw| ri ehtxhdwkhg
zhdowk/ z| +dvvxphg wr rffxu dw ghdwk,/ ri E+z, @ =5zE�34|�@+4� �|,/ zkhuh �| @ 4=81

Uhjduglqj zdjh hduqlqjv/ zh prgho wkh vwrfkdvwlf hyroxwlrq ri ixoo0wlph zdjhv/ iru ixoo0wlph
zrunhuv/ yld wkh uhjuhvvlrq prgho lq htxdwlrq +6,1 Wkhvh zdjhv duh edvhg rq 5/333 krxuv ri zrun
shu |hdu1 Sduw0wlph zrunhuv duh dvvxphg wr zrun ;33 krxuv shu |hdu/ dqg dw d zdjh udwh wkdw lv
rqo| ;61:8( ri wkh ixoo0wlph zdjh udwh1 Wkxv/ wkh dqqxdo hduqlqjv sdlg wr d sduw0wlph zrunhu lv
6618( +=;6:8 � ;33@5333, ri wkh zdjhv sdlg wr d ixoo0wlph zrunhu/ dv jhqhudwhg e| wkh prgho lq
htxdwlrq +6,1

Zh dffrxqw iru wlph dqg �qdqfldo frvwv ri dsso|lqj iru GL ehqh�wv dv d uhgxfwlrq ri frqvxpswlrq
dqg ohlvxuh1 Lqlwldoo| zh dvvxph }hur �qdqfldo frvwv wr dsso|lqj iru GL/ exw dvvxph wkdw wkhuh lv
d vpdoo frvw lq ohlvxuh wlph htxdo wr =338/ ru d wrwdo ri 55 krxuv ri zdnlqj wlph wr jdwkhu wkh
lqirupdwlrq qhfhvvdu| wr sxuvxh dq dssolfdwlrq1 Zh dvvxph wkhuh duh qr wlph ru �qdqfldo frvwv wr
dsso|lqj iru RD ehqh�wv1 Lq vxevhtxhqw zrun zh zloo wuhdw wkhvh frvwv dv xqnqrzq sdudphwhuv wr
eh hvwlpdwhg1 Zh xvh wkh qrwdwlrq x|+f> o> vvg> vv, wr dohuw uhdghuv wr wkh srvvlelolw| ri doorzlqj iru
srwhqwldo _vwljpd frvwv% wr ehlqj rq wkh GL urohv1 Krzhyhu/ lqlwldoo| zh dvvxph wkhuh lv qr vwljpd1

Ohw Y|+z>dz> vv, ghqrwh wkh lqglylgxdo*v ydoxh ixqfwlrq/ wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh
ri xwlolw| iurp djh w rqzdug iru dq lqglylgxdo zlwk fxuuhqw zhdowk z/ dyhudjh zdjh dz dqg lq Vrfldo
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Vhfxulw| vwdwh vv1 Zh vroyhg wkh GS sureohp yld qxphulfdo frpsxwdwlrq ri wkh Ehoopdq uhfxuvlrq
iru Y| jlyhq e|

Y|+z>dz> vv, @ pd{ ix+f> o> vvg> vv, . � ^+4� g|,HY|n�+z>dz> vv> f> o> vvg, . g|HE+z>dz> vv> f> o> vvg,`j >

f$S$�c,Mt�Dec�H�c��crr_M�|Err� +9,

zkhuh D|+vv, ghqrwhv wkh vhw ri ihdvleoh Vrfldo Vhfxulw| fkrlfhv iru d shuvrq ri djh w lq Vrfldo
Vhfxulw| vwdwh vv +vhh glvfxvvlrq deryh, dqg g| ghqrwhv wkh djh0vshfl�f ghdwk udwh iru pdohv/ wdnhq
iurp wkh 4<<: hglwlrq ri wkh X1V1 Ghfhqqldo olih wdeohv dv qrwhg deryh1 Wkh ixqfwlrqv HY|n� dqg
HE ghqrwh wkh frqglwlrqdo h{shfwdwlrqv ri qh{w shulrg*v ydoxh dqg ehtxhvw ixqfwlrqv/ uhvshfwlyho|/
jlyhq wkh lqglylgxdo*v fxuuhqw vwdwh +z>dz> vv, dqg ghflvlrq +f> o> vvg,1 Vshfl�fdoo|/ zh kdyh

HY|n�+z>dz> vv> f> o> vvg, @

]
+�

2[
rr�'f

Y|n�+zs|+z> dz> |
�> vv> vvg,> dzs|+dz> |

�,> vv�,

�i|+|
�mdz,j|+vv

�mdz>z> vv> vvg,g|�> +:,

zkhuh dzs|+dz> |, lv wkh Pdunryldq xsgdwlqj uxoh iru dyhudjh zdjhv wkdw dssur{lpdwhv Vrfldo
Vhfxulw|*v h{dfw irupxod iru xsgdwlqj dq lqglylgxdo*v dyhudjh zdjh wr uh�hfw fxuuhqw hduqlqjv/ dqg
zs| vxppdul}hv wkh odz ri prwlrq iru qh{w shulrg*v zhdowk/ wkdw lv/

zs|+z>dz> |> vv> vvg, @ U
�
z . vve|+dz> |

�> vv> vvg, . |� � �+|�> z,� f
�
> +;,

zkhuh U lv wkh uhwxuq rq vdylqj/ dqg �+|>z, lv wkh wd{ ixqfwlrq/ zklfk lqfoxghv lqfrph wd{hv vxfk
dv Ihghudo lqfrph wd{hv dqg Vrfldo Vhfxulw| wd{hv dqg srwhqwldoo| rwkhu w|shv ri vwdwh2orfdo lqfrph
dqg surshuw|2zhdowk wd{hv1 Wkh dzs|/ ghulyhg iurp +7,/ lv jlyhq e|

dzs|+dz> |, @ h{s
q
�� . �2 orj+|, . �� orj+dz, . �ew. �Dw

2 . �2@5
r
> +<,

zkhuh � lv wkh hvwlpdwhg vwdqgdug huuru lq wkh uhjuhvvlrq +7,1 Ilqdoo|/ i|+|mdz, lv d orj0qrupdo
glvwulexwlrq ri fxuuhqw hduqlqjv/ jlyhq fxuuhqw djh w dqg dyhudjh zhdowk dz/ wkdw lv lpsolhg e| +6,
xqghu wkh dgglwlrqdo dvvxpswlrq ri qrupdolw| ri huuruv �|1 Wkh glvfuhwh frqglwlrqdo suredelolw|
glvwulexwlrq j|+vv

�mdz>z> vv> vvg, uh�hfwv xqfhuwdlqw| lq zkhwkhu d GL dssolfdqw zloo eh dzdughg
ehqh�wv/ ru d GL ehqh�fldu| zloo eh dxglwhg dqg whuplqdwhg iurp wkh urohv1 Zh doorz wklv sured0
elolw| wr ghshqg rq +z>dz, wr uh�hfw phdqv0whvwlqj wkdw rffxuv/ iru h{dpsoh/ lq wkh VVL surjudp1
Rwkhuzlvh lw uh�hfwv wkh ghwhuplqlvwlf wudqvlwlrqv iru RD ehqh�wv/ h1j1 li d shuvrq lv ryhu wkh HUD/
lv qrw uhfhlylqj RD/ dqg dssolhv iru RD ehqh�wv/ wkhq kh2vkh ehfrphv holjleoh zlwk suredelolw| 4
+l1h1/ li vv| @ 3/ w � HUD dqg vvg| @ 4/ wkhq vv|n� @ 4,1

Wkh GS dojrulwkp lq htxdwlrq +BB, zdv surjudpphg lq Jdxvv dqg F dowkrxjk1 Qhyhuwkhohvv/
vrph urxwlqhv/ vxfk dv wkh }euhqw qrqolqhdu urrw �qglqj dojrulwkp/ zhuh edvhg rq prgl�hg frgh
iurp Suhvv hw do1 +4<<5,1 Wkh }euhqw dojrulwkp xvhg zdv xvhg wr vroyh iru rswlpdo frqvxpswlrq
+wuhdwhg dv }hur wr wkh �uvw rughu frqglwlrq/ xvlqj qxphulfdo ghulydwlyhv,/ dqg 48 srlqwv Jdxvvldq
txdgudwxuh zdv xvhg wr frpsxwh dssur{lpdwlrqv wr wkh lqwhjudov1 Dw hdfk wlph shulrg wkh h{solflw
rswlpl}dwlrqv lq htxdwlrq +BB, zhuh shuiruphg ryhu d julg ri 6:8 srlqwv lq wkh +z>dz, vwdwh vsdfh
+58 julg srlqwv iru z dqg 48 julg srlqwv iru dz,/ zkhuh z udqjlqj iurp '4 wr '4/333/333/ dqg dz

udqjlqj iurp '6/333 wr ':5/9331 Wzr0glphqvlrqdo lqwhusrodwlrq zdv xvhg wr frpsxwh dssur{lpdwh
ydoxhv iru Y|+z>dz> vv, dw +z>dz, srlqwv wkdw duh qrw rq wkh suhgh�qhg julg1 Wkh hqwluh GS sureohp
fdq eh vroyhg lq ohvv wkdq 8 plqxwhv rq d odswrs frpsxwhu +733Pk} DPG N9 surfhvvru,Pruhryhu/
rxu vriwzduh fdq jhqhudwh 4/333 LLG vlpxodwlrqv ri wkh rswlpdo vroxwlrq lq xqghu d vhfrqg1 Zh
h{shfw wr rewdlq ixuwkhu vshhgxsv yld xvh ri pruh h�flhqw qxphulfdo phwkrgv +vxfk dv sro|qrpldo
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dssur{lpdwlrqv wr wkh ydoxh ixqfwlrqv, dqg sdudooho surfhvvlqj whfkqltxhv1 Lw zruwk hpskdvl}lqj
wkdw rxu lqlwldo h{shulhqfh pdnh xv frq�ghqw wkdw lw lv frpsxwdwlrqdoo| ihdvleoh iru xv wr hvwlpdwh
wkh w|shv ri prghov zh duh sursrvlqj1

Iljxuhv 815 wr 817 looxvwudwh wkh ulfk w|shv ri ehkdylru wkdw wkh GS prgho suhglfwv1 Hdfk ri wkh
fxuyhv lv dq dyhudjh ri 4/333 LLG vlpxodwlrqv/ zlwk hdfk vlpxodwlrq fruuhvsrqglqj wr d vhsdudwh
_shuvrq% iroorzhg iurp djh 54 xqwlo wkhlu ghdwk1 Wkh ohiw kdqg sdqho ri Iljxuh 815 frpsduhv wkh
vlpxodwhg yhuvxv wkh srsxodwlrq vxuylydo udwhv/ zkhuh wkh odwwhu duh wkrvh lpsolhg e| wkh djh0vshfl�f
pruwdolw| udwhv iurp wkh X1V1 Ghfhqqldo olih wdeohv1 Zh vhh wkdw wkh dyhudjh ri wkh vlpxodwlrqv lv
yhu| forvh wr wkh srsxodwlrq ydoxhv/ zklfk surylghv d xvhixo fkhfn ri wkh ydolglw| ri wkh vlpxodwlrqv1
Wkh uhpdlqlqj judskv lq �jxuhv 815 wkurxjk 817 suhvhqw _phdq sdwkv% iru ydulrxv yduldeohv ri
lqwhuhvw Wkh dyhudjhv zhuh frpsxwhg dw hdfk djh/ iru wkh vxesrsxodwlrq ri vxuylyruv zkr olyhg
xqwlo dw ohdvw wkdw djh1

Wkh uljkw kdqg sdqho ri �jxuh 815 vkrzv wkh hpsor|phqw vwdwxv ri wkh vdpsoh dv d ixqfwlrq ri
djh1 Ehwzhhq wkh djhv ri 54 dqg 83 yluwxdoo| 433( ri wkh vdpsoh zrunv ixoo wlph1 Wkhq/ dw djh
84 wkhuh lv d suhflslwrxv gurs lq oderu irufh sduwlflsdwlrq1 E| wkh djh ri 93 rqo| derxw 8( ri wkh
vxuylylqj vxesrsxodwlrq lv vwloo zrunlqj ixoo0wlph1 Ilqdoo|/ dw djh ri 9: +wkh QUD,/ <<1:( ri wkh
vlpxodwlrq vdpsoh ehjlqv zrunlqj sduw0wlph xqwlo djh :6/ zkhq wkh uhpdlqlqj vdpsoh ri vxuylyruv
vwrsv zrunlqj iru wkh uhvw ri wkhlu olyhv1

Iljxuh 815= Phdq Sdwkv iurp 4/333 LLG Vlpxodwlrqv ri wkh GS Prgho

Wkh ohiw kdqg sdqho ri �jxuh 816 surylghv vrph lqvljkw lqwr zkdw/ dw �uvw jodqfh/ pljkw dsshdu
wr eh d yhu| sx}}olqj sdwwhuq ri hpsor|phqw ehkdylru lpsolhg e| wkh GS prgho1 Wkh judsk vkrzv
wkh Vrfldo Vhfxulw| ghflvlrqv pdgh e| wkh phpehuv ri wkh vlpxodwlrq vdpsoh1 Vwduwlqj dw djh 83
wkhuh lv d yhu| udslg lqfuhdvh lq wkh qxpehu ri shrsoh dsso|lqj iru GL ehqh�wv/ shdnlqj dw 87198(
ri wkh vxuylylqj vdpsoh dw djh 86/ dqg idoolqj r� vkduso| wkhuhdiwhu xqwlo uhdfklqj 3 dw djh 981 Wkh
uljkw kdqg sdqho ri �jxuh 816 vkrzv wkdw dv d uhvxow ri wkh exuvw lq GL dssolfdwlrqv ehwzhhq wkh
djh ri 83 dqg 98/ <4( ri wklv vdpsoh vxffhhghg lq ehlqj dzdughg GL ehqh�wv e| wkh wlph wkh|
uhdfkhg wkh Vrfldo Vhfxulw| HUD1 Wkh uhpdlqlqj <(/ zkr glg qrw dsso| iru/ ru zhuh qrw dzdughg
GL ehqh�wv/ dssolhg iru RD ehqh�wv dw wkh QUD/ 9:1 Diwhu wkdw/ zlwk wkh dxwrpdwlf frqyhuvlrq ri
GL ehqh�fldulhv wr wkh RD surjudp/ yluwxdoo| doo ri wkh vxuylylqj vdpsoh zhuh lq wkh RD surjudp
iru wkh uhpdlqghu ri wkhlu olyhv1
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Iljxuh 816= Suhglfwhg Sdwkv iru Vrfldo Vhfxulw| Ghflvlrqv dqg Vwdwhv

Wkh idfw wkdw yluwxdoo| doo ri wkh vlpxodwlrq vdpsoh ghflghg wr zrun sduw wlph dw djh 9: pd|
dovr dsshdu sx}}olqj/ exw wkh ohiw kdqg sdqho ri �jxuh 817 surylghv vrph lqvljkw lqwr zk| wklv
lv kdsshqlqj1 Wkh �jxuh vkrzv wudmhfwrulhv iru zdjhv/ Vrfldo Vhfxulw| ehqh�wv/ frqvxpswlrq dqg
zhdowk ryhu wkh olih0f|foh1 Vwduwlqj zlwk zdjhv/ zh vhh wkdw zdjhv lqfuhdvhg iurp wkhlu lqlwldo ydoxh
ri '73/333 xqwlo shdnlqj dw '96/58; dw djh 841 Gxulqj wklv �uvw 63 |hduv/ lqglylgxdov frqvxphg rqo|
:3( ri wkhlu zdjh hduqlqjv/ uhvxowlqj lq d udslg exlogxs ri qhw zruwk wkdw shdnhg dw d ydoxh ri
qhduo| '433/333 dw djh 861 Dw wklv srlqw d odujh qxpehu ri wkh vdpsoh zhuh txlwwlqj wkhlu ixoo0wlph
mrev dqg dsso|lqj iru GL ehqh�wv1 Krzhyhu/ vlqfh wkh dyhudjh Vrfldo Vhfxulw| ehqh�w lv rqo| derxw
'48/333 dqg phpehuv ri wkh vdpsoh nhsw frqvxplqj dw d ohyho frqvlghudeo| deryh '48/333/ hyhq
zkloh wkh| zhuh uhfhlylqj GL ehqh�wv/ wkh phpehuv ri wklv vdpsoh ehjdq udslgo| gh0dffxpxodwlqj
wkhlu vdylqjv xqwlo wkh QUD zkhq wkh dyhudjh uhpdlqlqj zhdowk/ '56/56</ zdv rqo| voljkwo| kljkhu
wkdq dyhudjh frqvxpswlrq h{shqglwxuhv/ '54/:531 Wkxv/ wkh h{sodqdwlrq iru wkh vxgghq ulvh lq
sduw0wlph hpsor|phqw fdq eh h{sodlqhg e| d qhhg wr uhsohqlvk zhdowk vwrfnv lq rughu wr kdyh
vx�flhqw suhfdxwlrqdu| edodqfhv iru wkh uhpdlqghu ri wkh olih0f|foh1 Wkh rwkhu h{sodqdwlrq iru wkh
ulvh lq sduw0wlph hpsor|phqw lv wkdw dw djh 9: wkh hduqlqjv whvw wkuhvkrog lqfuhdvhv iurp '43/;33
wr '4:/333/ exw dyhudjh sduw0wlph zdjh hduqlqjv duh rqo| '48/3331 Wkxv/ wkhvh lqglylgxdov zhuh
deoh wr zrun sduw0wlph zlwkrxw vxemhfwlqj wkhpvhoyhv wr wkh dgglwlrqdo 66( hduqlqjv vxuwd{1 Wklv
eulhi vwlqw ri sduw0wlph srvw0uhwluhphqw zrun hqdeohg wkh vdpsoh wr uhexlog zhdowk vwrfnv wr qhduo|
'67/333 e| wkh djh ri :31 Diwhuzdugv/ frqvxpswlrq dqg zhdowk erwk ghfolqhg wr d ohyho htxdo wr wkh
dyhudjh Vrfldo Vhfxulw| RD ehqh�w/ zklfk lv voljkwo| kljkhu wkdq '4:/333 iru wkh vxuylylqj phpehuv
lq wklv djh udqjh1

Wkh uljkw kdqg sdqho ri �jxuh 817 vkrzv wkh hyroxwlrq ri dyhudjh zdjhv dqg wd{ sd|phqwv1
Dyhudjh zdjhv vwduw rxw dw '65/333 dqg vwhdglo| folpe wr '7;/333 e| djh 93/ uh�hfwlqj judgxdo
kxpdq fdslwdo dffxpxodwlrq ryhu wkh olih0f|foh1 Wd{ sd|phqwv lqfuhdvh iurp '46/:<5 dw djh 54 wr
d pd{lpxp ri '53/873 dw djh 84/ wkh srlqw dw zklfk prvw ri wkh phpehuv ri wklv srsxodwlrq ehjlq
dsso|lqj iru GL ehqh�wv1 Zh vhh wkdw derxw wklv vdph wlph/ sd|phqw ri Vrfldo Vhfxulw| ehqh�wv
vwduwv lqfuhdvlqj udslgo|/ dv pruh dqg pruh ri wkh vlpxodwlrq vdpsoh vxffhhgv lq jhwwlqj dzdughg
GL ehqh�wv1 Lw lv vwudljkwiruzdug wr frpsduh wkh h{shfwhg glvfrxqwhg vxp ri wd{ sd|phqwv wr
h{shfwhg glvfrxqwhg vxp ri ehqh�wv1 Iru wklv vdpsoh wkh lqwhuqdo udwh ri uhwxuq rq Vrfldo Vhfxulw|
frqwulexwlrqv lv 715( li rqo| wkh lqglylgxdo*v wd{ frqwulexwlrqv duh frxqwhg/ dqg 515( li zh lqfoxgh
wkh hpsor|hu*v pdwfklqj frqwulexwlrq1
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Iljxuh 817= Hduqlqjv/ Wd{hv/ Vrfldo Vhfxulw| Ehqh�wv/ Frqvxpswlrq/ dqg Zhdowk

Zh frqfoxgh zlwk vrph revhuydwlrqv derxw wklv h{dpsoh1 Zh kdyh vlpxodwhg d srsxodwlrq ri
4/333 lqglylgxdov zkr duh hvvhqwldoo| lghqwlfdo/ h{fhsw iru vwrfkdvwlf yduldwlrqv lq uhdol}hg zdjhv dqg
Vrfldo Vhfxulw| GL dzdugv dqg dxglwv1 Wkxv/ dowkrxjk wkhuh lv vwloo d juhdw ghdo ri khwhurjhqhlw| lq
lqglylgxdov* vlpxodwhg oderu vxsso|/ zdjh/ frqvxpswlrq/ dqg zhdowk sdwkv/ lw zrxog eh hdv| iru xv
wr dgg dgglwlrqdo vrxufhv ri khwhurjhqhlw| lqwr wkh GS prgho1 Wklv zrxog doorz xv wr vlpxodwh d
zlgh udqjh ri dowhuqdwlyh w|shv ri ehkdylru/ vxfk dv lqglylgxdov zkr fkrrvh wr zrun ixoo wlph zhoo
lqwr wkhlu :3v dqg ;3v ehiruh uhwlulqj/ dv zhoo dv lqglylgxdov zkr qhyhu zrun d vljql�fdqw dprxqw
ryhu wkhlu hqwluh olih0f|foh1 Rxu uhvxowv zhuh _frqfrfwhg% wr hpskdvl}h rssruwxqlvwlf ehkdylru lq
dsso|lqj iru GL ehqh�wv1 Khuh zh kdyh d vdpsoh ri lqglylgxdov/ qrqh ri zkrp lv hyhu wuxo| glvdeohg1
Lqvwhdg/ wkhlu glvxwlolw| iru zrunlqj lv lqfuhdvlqj yhu| vorzo| zlwk djh1 Zlwk ixoo nqrzohgjh ri wkh
Vrfldo Vhfxulw| uxohv/ dqg ehwwlqj rq wkh rggv ri jhwwlqj dffhswhg lqwr wkh GL surjudp/ wklv vdpsoh
ri lqglylgxdov pdnhv xqdedvkhg xvh ri wkh GL surjudp dv d w|sh ri vshfldo/ vwrfkdvwlfdoo| dzdughg/
_hduo| uhwluhphqw% ehqh�wv1 Wkh idfw wkdw wkhvh lqglylgxdov duh qrw _wuxo| glvdeohg% lv hvshfldoo|
wudqvsduhqw iurp wkh idfw wkdw rqfh wkh| uhdfk QUD dqg wkhlu GL ehqh�wv duh dxwrpdwlfdoo| frq0
yhuwhg wr RD ehqh�wv/ qhduo| doo ri wkhvh lqglylgxdov yroxqwdulo| fkrrvh wr uhwxuq wr zrun rq d
sduw0wlph edvlv1 Wkh| gr qrw fkrrvh wr gr wklv sulru wr wkh QUD +hyhq wkrxjk wkh| kdyh rqo|
'56/333 ri wkhlu '433/333 dffxpxodwlrq ri zhdowk dw djh 86, ehfdxvh wkh| nqrz wkdw li wkh| vwduw
zrunlqj ehiruh wkh QUD wkh| zloo idlo wkh GL whvw iru vxevwdqwldo jdlqixo dfwlylw| dqg frqvhtxhqwo|
wkhlu ehqh�wv zloo eh whuplqdwhg1 Qrwh dovr/ wkdw wkhlu khdowk/ dv sur{lhg e| wkhlu glvxwlolw| iru
zrun/ lv zruvh lq wkhlu 93v wkdq lq wkhlu 83v/ |hw wkh| zhuh uhfhlylqj GL ehqh�wv gxulqj wkhlu 83v
dqg deoh wr uhwxuq wr zrun lq wkhlu 93v1

Zh gr qrw suhvhqw wklv h{dpsoh wr vxjjhvw wkdw doo/ ru hyhq d pdmrulw| ri uhdo GL ehqh�fldulhv
duh ehkdylqj rssruwxqlvwlfdoo| dv wkh djhqwv lq rxu vlpxodwhg vdpsoh duh ehkdylqj1 Krzhyhu/ wkhuh
duh d qxpehu ri ihdwxuhv ri glvdelolw| wkdw gr vxjjhvw wkh srvvlelolw| ri rssruwxqlvwlf ehkdylru rq
wkh sduw ri d vljql�fdqw iudfwlrq ri GL dssolfdqwv dqg ehqh�fldulhv/ lqfoxglqj wkh idfw qrwhg deryh
wkdw wkh surshqvlw| wr dsso| iru GL ehqh�wv ghfolqhv udslgo| dv lqglylgxdov dssurdfk wkh HUD1 Wklv
vxjjhvwv wr xv wkdw udwlrqdo pd{lpl}lqj ehkdylru zlwk ixoo nqrzohgjh ri wkh Vrfldo Vhfxulw| ehqh�w
uxohv pd|/ lq idfw/ surylgh d jrrg ghvfulswlrq ri wkh ehkdylru ri pdq| ri wkh shrsoh zkr dsso| iru
GL ehqh�wv1 Rxu sxusrvh lv qrw wr sdvv mxgjhphqw rq zkhwkhu rssruwxqlvwlf ehkdylru lv qhfhvvdulo|
jrrg ru edg/ exw udwkhu wr ghwhuplqh wr zkdw h{whqw lw rffxuv dqg wr frqvlghu zkhwkhu wkhuh duh
dowhuqdwlyh uxohv iru sd|lqj rxw Vrfldo Vhfxulw| ehqh�wv wkdw pljkw ohdg wr kljkhu zhoiduh/ exw dw
orzhu frvw/ wkdq xqghu wkh fxuuhqw v|vwhp1 Lq sduwlfxodu/ rxu uhvxowv vxjjhvw wkdw lw pljkw eh pruh
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iuxlwixo wr ylhz GL dqg VVL dv w|shv ri zhoiduh ru hduo| uhwluhphqw surjudpv1 Ixuwkhupruh/zhoiduh
jdlqv surylghg e| rshudwlqj dq h{shqvlyh _prqlwrulqj whfkqrorj|% +l1h1/ wkh kxjh exuhdxfudf|
ghyrwhg wr mxgjlqj GL dqg VVL dssolfdwlrqv dqg kdqgolqj dsshdov/ dxglwv dqg vr iruwk,/ ghvljqhg
wr vfuhhq rxw wkh _wuxo| glvdeohg%/ pd| qrw jhqhudwh vx�flhqwo| dffxudwh vljqdov wr eh zruwk wkh
frvw1

Ehiruh zh fdq vwduw wr dqvzhu wkhvh lpsruwdqw srolf| txhvwlrqv zh qhhg wr �qg d vshfl�fdwlrq
ri wkh GS prgho/ lqfoxglqj srwhqwldo xqrevhuyhg khwhurjhqhlw| lq ydulrxv sdudphwhuv/ vxfk dv sd0
udphwhuv jryhuqlqj hduqlqjv srwhqwldo/ suhihuhqfhv iru ohlvxuh yv1 zrun/ ulvn dyhuvlrq/ vxemhfwlyh
glvfrxqw idfwruv dqg pruwdolw| udwhv/ hwf1/ wkdw hqdeoh xv wr surylgh d uhdolvwlf prgho ri lqglylgxdo
ehkdylru wkdw sdvv wkh _Wxulqj whvw%1 Irupdoo| wklv zrxog eh d prgho wkdw zrxog qrw eh uhmhfwhg
e| vwdqgdug vshfl�fdwlrq dqg jrrgqhvv ri �w whvwv/ exw lqirupdoo|/ lw zrxog eh d prgho iru zklfk
vwrfkdvwlf vlpxodwlrqv zrxog dsshdu vwdwlvwlfdoo| lqglvwlqjxlvkdeoh iurp uhdo gdwd vxfk dv zh kdyh
lq wkh KUV2DKHDG1 Zh kdyh frqvlghudeoh urrp iru h{shulphqwdwlrq wr surylgh hpslulfdoo| uhdo0
lvwlf GS prghov1 Zh duh yhu| rswlplvwlf derxw wkh survshfwv ri ghyhorslqj d vdwlvidfwru| prgho1
Krzhyhu/ zlwk wklv ghjuhh ri iuhhgrp wkhuh lv dozd|v d frqfhuq derxw _ryhu0�wwlqj%1 Wkdw lv/ wkhuh
lv dozd|v d frqfhuq wkdw vhohfwlqj sduwlfxodu ixqfwlrqdo irupv/ yld _vshfl�fdwlrq vhdufklqj%/ wkdw
hqdeoh xv wr �w wkh gdwd zhoo lq0vdpsoh/ pljkw qrw uhvxow lq d prgho wkdw iruhfdvwv zhoo rxw0ri0
vdpsoh1 Dv zh qrwhg deryh zh sodq wr vxemhfw rxu prgho wr rqh ri wkh prvw ghpdqglqj whvwv e|
hydoxdwlqj wkh dffxudf| ri suhglfwlrqv lq rxw0ri0vdpsoh suhglfwlyh whvwv xvlqj sduwlflsdqwv lq wkh
VVD*v Wlfnhw wr Zrun dqg Zrun Lqfhqwlyhv Dfw ghprqvwudwlrq surmhfwv1 Wklv lv d ghpdqglqj wdvn
qrw rqo| ehfdxvh zh duh zrunlqj zlwk d frpsohwho| gl�huhqw vdpsoh ri lqglylgxdov wkdq wkrvh lq
wkh KUV2DKHDG/ exw dovr ehfdxvh wkh vxemhfwv lq wkh ghprqvwudwlrq surmhfwv zloo eh idflqj d
frpsohwho| gl�huhqw vhw ri srolflhv wkdq wkh KUV2DKHDG vxemhfwv +zkrp zh xvh lq hvwlpdwlqj
wkh xqnqrzq sdudphwhuv ri rxu prgho, zhuh idflqj1 Rxu suhglfwlrqv ri wkh h�hfw ri srolf| fkdqjhv
zrxog eh pdgh sulru wr wkh h{shulphqwdo uhvxowv ehlqj nqrzq dqg zrxog wkxv uhsuhvhqw dq krqhvw
dqg ghpdqglqj whvw ri wkh dffxudf| ri wkh GS dssurdfk wr srolf| iruhfdvwlqj1

S �L*�U) �?@*)t�t @?_ 6LhiU@t|�?} �t�?} #� �L_i*t

Lq wklv vhfwlrq zh surylgh vhyhudo frqfuhwh h{dpsohv ri krz GS prghov fdq eh xvhg iru srolf|
iruhfdvwlqj dqg dqdo|vlv1 Wkh| dovr looxvwudwh krz lw lv srvvleoh wr lqfrusrudwh sulydwh shqvlrqv dqg
dqqxlwlhv lqwr wkh GS prgho1 Vlplodu wr wkh suhylrxv vhfwlrq/ wkhvh uhvxowv duh lqwhqghg rqo| dv
looxvwudwlrq sxusrvhv/ dqg duh qrw phdqw wr eh hpslulfdoo| uhdolvwlf1 Erwk ri wkh h{dpsohv duh wdnhq
iurp Ehq��wh}0Vloyd*v +5333, Sk1G1 wkhvlv1

Lq wkh ohiw sdqho ri �jxuh 914 zh suhvhqw wkh oderu vxsso| h�hfwv ri Vrfldo Vhfxulw|/ dqg wkh h�hfwv
ri uhprydo ri wkh hduqlqjv whvw surylvlrq iru lqglylgxdov 98 dqg ryhu1 Iru wklv zh xvh vlplodu prgho
wr wkh rqh suhvhqwhg lq wkh suhylrxv vhfwlrq/ exw zlwkrxw glvdelolw| dqg hduo| uhwluhphqw1 Zh vhh
wkdw lqglylgxdov ghfuhdvh wkhlu oderu vxsso| dw wkh wlph wkdw wkh| vwduw uhfhlylqj uhwluhphqw ehqh�wv/
dv zh vdz lq wkh suhylrxv vhfwlrq1 Pruh lpsruwdqwo|/ zh dovr revhuyh wkdw wkh holplqdwlrq ri wkh
hduqlqjv whvw surylvlrq kdv d vl}deoh h�hfw rq oderu vxsso|/ ohdglqj wr dq lqfuhdvh lq sduwlflsdwlrq
dprqj wkrvh ri djh 98 wr 9</ rqfh wkh surylvlrq lv holplqdwhg1 Lq wkh uljkw sdqho ri wkh �jxuh 914
zh revhuyh wkh h�hfw ri wkh lqwurgxfwlrq ri Vrfldo Vhfxulw| rq zhdowk dffxpxodwlrq/ qdpho|/ zhdowk
dffxpxodwlrq lv pxfk orzhu/ hvshfldoo| diwhu wkh djh ri 981
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Iljxuh 914= Oderu Vxsso| dqg Zhdowk H�hfwv ri Vrfldo Vhfxulw|

Krzhyhu/ orzhu zhdowk dffxpxodwlrq grhv qrw qhfhvvdulo| phdq wkdw wkh lqglylgxdov duh zruvh
r�1 Lq wkh ohiw sdqho ri �jxuh 915 zh suhvhqw zhoiduh frpsdulvrqv +zh vkrz frpshqvdwhg yduldwlrqv/
lq whupv ri zhdowk wr eh frpshqvdwhg zlwk/ ru zhdowk zloolqj wr sd|, lq d prgho zlwk dqg zlwkrxw
Vrfldo Vhfxulw|1 Wkh zhoiduh lpsolfdwlrqv duh vwulnlqj dqg udwlrqdo lqglylgxdov duh zhoo dzduh ri
wkhvh lpsolfdwlrqv1 Zh revhuyh wkdw |rxqj lqglylgxdov kdyh wr eh frpshqvdwhg ehfdxvh ri wkh
lqwurgxfwlrq ri Vrfldo Vhfxulw|/ wkdw lv/ wkh| duh zruvh r� xqghu wkh Vrfldo Vhfxulw| uhjlph1 Lq
frqwudvw/ wkrvh roghu wkdq 73 |hduv ri djh duh zloolqj wr sd| lq rughu wr kdyh wkh Vrfldo Vhfxulw|
v|vwhp lq sodfh1 Wklv ohdgv wr d fohdu suhglfwlrq ri d _vwdwxv txr% eldv wrzdug pdlqwdlqlqj wkh
Vrfldo Vhfxulw| v|vwhp lq lwv fxuuhqw irup1 Wklv odwwhu uhvxow lv erwk qryho dqg lpsruwdqw vlqfh lw
surylghv zlwk d udwlrqdo h{sodqdwlrq dv wr zk| Vrfldo Vhfxulw| uhirup vhhpv wr eh vxfk d gholfdwh
dqg frpsolfdwhg lvvxh1

Iljxuh 915= Zhoiduh Frpsdulvrqv dqg wkh lqwurgxfwlrq ri Dqqxlwlhv

Wkh uljkw sdqho ri �jxuh 915 vkrzv wkh zhdowk dffxpxodwlrq sur�ohv ri lqglylgxdov lq d prgho
wkdw doorzv iru wkh h{lvwhqfh ri sulydwh dqqxlwlhv1 Rxu GS prgho rxwolqh deryh fdq dovr eh h{whqghg
wr lqfoxgh sulydwh shqvlrqv/ wkhvh fdq eh prghohg lq vlplodu zd| wr dqqxlwlhv1 Wkh �jxuh vkrzv
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wkh sdwkv ri zhdowk dqg dqqxlw| sxufkdvhv/ zlwk dqg zlwkrxw Vrfldo Vhfxulw| lq wkh prgho1 Zh
fohduo| vhh wkh orzhu dffxpxodwlrq sur�oh zkhq Vrfldo Vhfxulw| lv rshudwlrq1 Qhyhuwkhohvv/ zh dovr
revhuyh/ vlploduo| wr �jxuh 817/ wkdw diwhu wkh QUD lv uhdfkhg wkhuh lv d gh0dffxpxodwlrq shulrg/
ehfdxvh ri wkh lqfuhdvh lq oderu vxsso| diwhu wkh QUD lv uhdfkhg dqg ehfdxvh wkh hduqlqjv whvw
surylvlrq grhv qrw dsso|1 Lq wklv fdvh wkh lqfuhdvh lq zhdowk dffxpxodwlrq lv pruh vl}deoh ehfdxvh
ri wkh suhvhqfh ri sulydwh dqqxlwlhv> lqglylgxdov zdqw wr dffxpxodwh hqrxjk uhvrxufhv vr wkh| fdq
ex| wkh dqqxlw| dqg vprrwk wkhlu frqvxpswlrq iru wkh uhpdlqghu ri wkhlu olyhv1 Qrwh wkdw wkh uljkw
sdqho ri �jxuh 915 lqglfdwhv wkdw dqqxlw| sxufkdvhv duh pdlqo| odwh lq wkh lqglylgxdo*v olih0f|foh/
dqg wkh| duh uhodwlyho| lq vpdoo dprxqwv/ rq dyhudjh1 Wklv lv d srvvleoh uhvroxwlrq iru wkh/ vr fdoohg/
_dqqxlw| sx}}oh%/ l1h1/ wkh idfw wkh dqqxlw| pdunhw lv uhodwlyho| vpdoo1 Zh �qg wkdw wklv vlwxdwlrq lv
wkh rswlpdo rxwfrph lq d GS prgho wkdw dffrxqwv iru wkh hqgrjhqhlw| ri oderu vxsso|/ dqqxlwlhv/
dqg lqfrusrudwhv wkh Vrfldo Vhfxulw| uxohv1

Zh frqfoxgh wklv vhfwlrq zlwk d eulhi glvfxvvlrq ri _v|vwhpdwlf% dssurdfkhv wr srolf| iruhfdvwlqj
dqg dqdo|vlv1 Zh fdq ylhz srolf| dqdo|vlv frqfhswxdoo| dv d _Vwdfnhoehuj jdph% ehwzhhq wkh
jryhuqphqw dqg lqglylgxdov1 Zh dvvxph wkdw wkh jryhuqphqw lv lqwhuhvwhg lq pd{lpl}lqj zhoiduh
ri wkh flwl}hqv/ exw lw pd| zhljkw wkh zhoiduh ri gl�huhqw flwl}hqv gl�huhqwo|/ l1h1 lw pd| eh lqwhuhvwhg
lq uhglvwulexwlrq ri lqfrph ru zhdowk1 Zh fdq uhsuhvhqw d srolf| ri wkh jryhuqphqw devwudfwo| e|
wkh v|pero �1 Wkdw lv/ � vkrxog eh ylhzhg dv d yhfwru ri sdudphwhuv jryhuqlqj ghwdlov ri wklqjv
olnh wd{ udwhv/ djhv ri hduo| dqg qrupdo uhwluhphqw/ glvdelolw| dzdug udwhv/ dxglw udwhv/ ehqh�w
ohyhov dqg vr iruwk1 Jlyhq dq| srolf| �/ lqglylgxdov irup wkhlu _ehvw0uhsolhv/% l1h1/ wkh| pd{lpl}h
wkhlu h{shfwhg glvfrxqwhg xwlolw| vxemhfw wr wkh dvvxpswlrq wkdw wkh jryhuqphqw zloo frpplw wr
lpsohphqwlqj wkh jlyhq srolf| �1 Ohw YZ+v, ghqrwh wkh h{shfwhg glvfrxqwhg xwlolw| ri dq lqglylgxdo
lq vwdwh v xqghu srolf| �1 Li zh lghqwli| wkh vwdwhv v zlwk lqglylgxdov +l1h1/ hdfk lqglylgxdo lv lq d
jlyhq vwdwh v dw wkh wlph wkdw wkh jryhuqphqw lv ghwhuplqlqj lwv srolf|, zh fdq ohw �+v, ghqrwh wkh
srsxodwlrq glvwulexwlrq ri wkh gl�huhqw vwdwhv +lqglylgxdov,1 Ilqdoo|/ ohw z+v, � 3 ghqrwh wkh zhljkw
wkh jryhuqphqw sodfhv rq dq lqglylgxdo lq vwdwh v1 Iru h{dpsoh/ li d frpsrqhqw ri v lv lqfrph ru
zhdowk/ wklv frxog uh�hfw wkh jryhuqphqw*v uhodwlyh frqfhuqv wrzdugv ulfk yv1 srru shrsoh1 Wkhq
d _xwlolwduldq% jryhuqphqw zrxog fkrrvh d srolf| �W wkdw pd{lpl}hv vrfldo zhoiduh/ l1h1 �W lv wkh
vroxwlrq wr

�W @ dujpd{
Z

]
YZ+v,z+v,�+gv,= +43,

Lw lv frpsxwdwlrqdoo| ihdvleoh wr vroyh _vrfldo sodqqlqj sureohpv% vxfk dv lq htxdwlrq +43,1 Wkh
pdlq gl�fxow|/ krzhyhu/ lv lq vshfli|lqj d zhljkwlqj ixqfwlrq z+v,/ zklfk uhsuhvhqwv wkh jryhuq0
phqw*v _suhihuhqfhv% ryhu lqglylgxdov +vwdwhv,1 Dq dowhuqdwlyh/ pruh hwklfdoo| qhxwudo dssurdfk
wkdw grhv qrw uhtxluh wkh vshfl�fdwlrq ri wkh vxemhfwlyh zhljkwlqj ixqfwlrq z+v, lv wkh g|qdplf

phfkdqlvp ghvljqdssurdfk1 Zh glvfxvv d vlpsol�hg yhuvlrq ri wklv dssurdfk khuh/ zklfk zh uhihu
wr dv frpsxwdwlrqdo phfkdqlvp ghvljq/ehfdxvh zh lqwhqg wr dfwxdoo| lpsohphqw lw lq rughu wr fkdu0
dfwhul}h h�flhqw Vrfldo Vhfxulw| srolflhv1 Wkh lghd jryhuqlqj wklv dssurdfk lv wkdw fruuhvsrqglqj wr
dq| jryhuqphqw srolf| �/ wkhuh lv d frvw fZ+v,/ ri gholyhulqj wkh xwlolw| ohyho YZ+v, wr dq lqglylgxdo
lq vwdwh v1 Wkh frvw fZ+v, lv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri ehqh�wv/ ohvv wd{ uhfhlswv/ iru
d shuvrq lq vwdwh v1 Li wklv frvw lv qhjdwlyh/ lw phdqv wkdw iru shuvrq v wkh suhvhqw ydoxh ri wkhlu
wd{hv h{fhhgv wkh suhvhqw ydoxh ri wkh ehqh�wv wkh| zloo uhfhlyh1 Ohw �r^ ghqrwh wkh srolf| ri wkh
jryhuqphqw xqghu wkh vwdwxv txr1 Wkhq dq h�flhqw srolf| �e lv wkh vroxwlrq wr

�e @ dujplq
Z

]
fZ+v,�+gv, vxemhfw wr= YZ+v, � YZr^+v, ;v= +44,

Wkxv/ dq h�flhqw srolf| �e plqlpl}hv wkh qhw frvwv ri surylglqj jryhuqphqw ehqh�wv wr lqglylgxdov/
vxemhfw wr wkh frqvwudlqw wkdw qr lqglylgxdo lv zruvh r� xqghu wkh h�flhqw srolf| wkdq wkh| duh
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xqghu wkh vwdwxv txr1 Zh fdq frpsxwh wkh h{shfwhg frvw ri d jryhuqphqw surjudp xqghu wkh vwdwxv
txrdqg frpsduh lw zlwk wkh frvw ri dq h�flhqw srolf|1 Wkh gl�huhqfh uhsuhvhqwv d groodu ydoxhg
hvwlpdwh ri wkh lqh�flhqf| xqghu wkh vwdwxv txr1 Wkh fxuuhqw djjuhjdwh frvw ri wkh X1V1 Vrfldo
Vhfxulw| v|vwhp lv lq wkh udqjh ri '43 wuloolrq grooduv/ wkdw lv/ wklv lv wkh h{shfwhg glvfrxqwhg ydoxh
ri Vrfldo Vhfxulw|*v xqixqghg ehqh�w reoljdwlrqv1

Wkh prvw dpelwlrxv sduw ri rxu uhvhdufk lv wr dwwhpsw wr vroyh wkh phfkdqlvp ghvljq sureohp
+44, qxphulfdoo| dqg surylgh d groodu hvwlpdwh ri wkh lqh�flhqf| lq wkh fxuuhqw Vrfldo Vhfxulw| v|v0
whp1 Wr pdnh wklv frpsxwdwlrqdoo| ihdvleoh/ zh zloo xvh d _sdudphwulf% dssurdfk wr wkh phfkdqlvp
ghvljq sureohp/ zkhuhe| zh vhdufk ryhu d sdudphwul}hg vxefodvv ri srolflhv �/ udwkhu wkdq wkh vsdfh
ri doo srvvleoh srolflhv �1 Wkh odwwhu dssurdfk uhtxluhv pxfk pruh vrsklvwlfdwhg phwkrgv lqfoxglqj
uhfxuvlyh olqhdu surjudpplqj dqg wkh xvh ri wkh uhyhodwlrq sulqflsoh/dqg lpsrvlwlrq ri lqglylgxdo
udwlrqdolw|dqg lqfhqwlyh0frpsdwlelolw|frqvwudlqwv1 E| orrnlqj dw d vxefodvv ri sdudphwul}hg srol0
flhv/ dqg h{solflwo| vroylqj iru ehvw0uhsolhv e| g|qdplf surjudpplqj/ zh dyrlg kdylqj wr lpsrvh
wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqwv/ dqg wkh lqglylgxdo udwlrqdolw| frqvwudlqwv duh vdwlv�hg e|
yluwxh ri wkh idfw wkdw dq h�flhqw srolf| jxdudqwhhv wkdw qrerg| lv zruvh r� xqghu dq h�flhqw
srolf| �e wkdq xqghu wkh vwdwxv txr1Wkh pdlq gudzedfn ri rxu dssurdfk lv wkdw e| uhvwulfwlqj rxu
vhdufk wr d sdudphwulf vxevsdfh/ ri wkh vsdfh � ri doo srolflhv/ zh zloo rqo| eh deoh wr surylgh d
orzhu erxqg rq wkh lqh�flhqf| ri wkh fxuuhqw Vrfldo Vhfxulw| v|vwhp1 Vwdwhg gl�huhqwo|/ wkhuh pd|
eh dowhuqdwlyh srolflhv wkdw zh kdyh qrw frqvlghuhg lq rxu sdudphwulf vxe0idplo| ri srolflhv wkdw
frxog uhvxow lq hyhq kljkhu frvw vdylqjv wkdq wkh srolf| zh ghwhuplqh1 Qhyhuwkhohvv zh eholhyh wkdw
d vx�flhqwo| �h{leo| sdudphwul}hg vhw ri srolflhv zloo surylgh d jrrg dssur{lpdwlrq iru wkh _qrq
sdudphwulf% vroxwlrq wr wkh phfkdqlvp ghvljq sureohp wkdw grhv qrw sodfh dq d sulrul uhvwulfwlrq
rq wkh vsdfh ri srvvleoh srolflhv1 Zh eholhyh rxu uhvhdufk lq wklv duhd frxog ohdg wr lpsruwdqw
wkhruhwlfdo dv zhoo dv sudfwlfdo lqvljkwv1

. ,UL?L4i|h�U W4T*i4i?|@|�L?

Zh frqfoxgh wklv sursrvdo e| eulh�| rxwolqlqj krz wkh GS prghov zloo eh hvwlpdwhg hfrqrphwulfdoo|1
Wkh nh| lv wr sduwlwlrq wkh vwdwh yhfwru iru dq lqglylgxdo dw wlph w/ zklfk zh ghqrwh dv v|/ lqwr
revhuyhg dqg xqrevhuyhg frpsrqhqwv1 Zh dvvxph wkh lqglylgxdo nqrzv wkh ixoo vwdwh v|/ exw wkh
hfrqrphwulfldq rqo| revhuyhv d vxevhw ri wklv lqirupdwlrq/ zklfk zh ghqrwh e| {|1 Wkh uhpdlqlqj
frpsrqhqwv ri v|/ ghqrwhg e| �|/ duh revhuyhg e| wkh lqglylgxdo exw qrw e| wkh hfrqrphwulfldq1 Zh
dffrxqw iru xqrevhuyhg vwdwhv qrw rqo| ehfdxvh lw lv pruh uhdolvwlf wr gr vr/ exw dovr ehfdxvh d prgho
wkdw kdv qr xqrevhuyhg frpsrqhqwv wr wkh vwdwh yduldeoh zrxog eh vwdwlvwlfdoo| ghjhqhudwh1 Wklv
phdqv wkdw li zh revhuyh wkh lqglylgxdo*v ghflvlrq g| dqg d ixoo vwdwh v|/ wkh GS prgho suhglfwv wkdw
wkhuh lv d ghwhuplqlvwlf ixqfwlrq/ wkh rswlpdo ghflvlrq uxoh/olqnlqj wkhvh wzr yduldeohv= g| @ i|+v|,/
zkhuh i| lv d ixqfwlrq wkdw vshfl�hv wkh lqglylgxdo*v rswlpdo ghflvlrq dw wlph w dqg lq vwdwh v|1 Wklv
ghflvlrq uxoh lv frpsxwhg e| g|qdplf surjudpplqj/ dv ghvfulehg lq wkh suhylrxv vhfwlrq1 Krzhyhu/
zh gr qrw eholhyh dq| ghwhuplqlvwlf ixqfwlrqdo uhodwlrqvkls olqnlqj v| dqg g| zrxog �w wkh gdwd1 Wklv
phdqv wkdw zlwkrxw wkh ghylfh ri xqrevhuyhg vwdwh yduldeohv/ fhuwdlq revhuyhg +g|> v|, frxog qrw eh
suhglfwhg wr kdyh rffxuuhg e| wkh GS prgho/ iru dq| srvvleoh ydoxh ri wkh xqnqrzq sdudphwhuv
ri wkh prgho1 Dv d uhvxow/ vxfk dq revhuydwlrq zrxog frqwudglfw wkh prgho dqg uhvxow lq d }hur
olnholkrrg ri revhuydwlrq1 Wr vroyh wkh _}hur olnholkrrg% sureohp/ zh doorz iru xqrevhuyhg vwdwhv/
vr wkdw wkh uhvxowlqj ghflvlrq uxoh kdv wkh irup g| @ i|+{|> �|,/ zkhuh rqo| +g|> {|, duh revhuyhg e|
wkh hfrqrphwulfldq/ zkloh �| lv xqrevhuyhg1 Iru fhuwdlq vshfl�fdwlrqv ri krz xqrevhuydeohv hqwhu
wkh GS prgho/ lw fdq eh duudqjhg wkdw dq| srvvleoh +g|> {|, frpelqdwlrq frxog eh _udwlrqdol}hg%
iru rqh ru pruh ydoxhv ri wkh xqrevhuyhg vwdwh yduldeoh �|1 Wklv vroyhv wkh }hur olnholkrrg sureohp
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dqg hqdeohv xv wr hvwlpdwh wkh xqnqrzq sdudphwhuv ri wkh GS prgho e| pd{lpxp olnholkrrg1
Zh qrz eulh�| uhylhz uhvxowv ri gxh wr Uxvw +vxppdul}hg lq Uxvw/ 4<<7, wkdw vkrz krz xqre0

vhuyhg vwdwh yduldeohv fdq eh lqfrusrudwhg lqwr wkh GS prgho lq d wudfwdeoh idvklrq/ uhvxowlqj lq d
olnholkrrg ixqfwlrq wkdw hqdeohv hvwlpdwlrq ri wkh xqnqrzq sdudphwhuv ri wkh GS prgho1

Ohw v| @ +{|> �|, dqg dvvxph wkdw wkh fkrlfhv ri lqwhuhvw duh glvfuhwh/ l1h1/ wkh lqglylgxdo fkrrvhv
d ghflvlrq g| iurp d �qlwh vhw ri dowhuqdwlyhv F|+{|,1 Dvvxph wkdw �| lv d yhfwru zlwk wkh vdph
glphqvlrq dv wkh qxpehu ri fkrlfhv lq wkh fkrlfh vhw F+{|,1 Wkhq �|+g, fdq eh lqwhusuhwhg dv d
frpsrqhqw ri xwlolw| wkdw ghshqgv rq wkh ghflvlrq g dqg rwkhu xqrevhuyhg vwdwhv ri wkh djhqw1 Li
zh ixuwkhu dvvxph wkdw {| dqg �| duh frqglwlrqdoo| lqghshqghqw/ wkdw lv/

s+{|n�> �|n�m{|> �|> g|, @ s+{|n�m{|> g|,t+�|n�,> +45,

dqg wkdw i�|j lv dq LLG W|sh LLL h{wuhph ydoxh surfhvv/ wkhq Uxvw +4<<7, vkrzhg wkdw wkh GS
uhfxuvlrqv wdnh wkh iroorzlqj irup=
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Zh fdq uhzulwh htxdwlrq +46, dv iroorzv=
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dqg � A 3 lv wkh vfdoh sdudphwhu ri d W|sh LLL h{wuhph ydoxh glvwulexwlrq/ wkh pdujlqdo glvwulexwlrq
ri �+g�,1

Frpelqlqj +49,/ +48,/ dqg +47, jlyhv wkh iroorzlqj uhfxuvlrq iru Y|+{> g,=

Y|+{> g, @ x+{> g, . �
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�68 s+g{�m{> g,> +4:,

zlwk wkh whuplqdo frqglwlrq YA +{> g, @ x+{> g,/ zkhuh W lv wkh odvw |hdu ri olih1
Htxdwlrq +4:, frqvwlwxwhv wkh edvlf uhfxuvlrq htxdwlrq wkdw zh zloo eh fdofxodwlqj lq rughu wr

vroyh wkh GS sureohp zlwk xqrevhuyhg vwdwh yduldeohv1 Wkh ydoxh ixqfwlrqv iY|+{> g,j uhvxowlqj
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iurp wkhvh uhfxuvlrqv hqdeoh xv wr ghulyh wkh frqglwlrqdo fkrlfh suredelolwlhv S|+gm{, wkdw duh/ lq
wxuq/ xvhg iru pd{lpxp olnholkrrg hvwlpdwlrq ri wkh GS prgho=

S|+gm{, @ Su
q
g @ dujpd{ _�

M�E%�
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�, . �+g�,
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@
h{siY|+{> g,@�jS
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h{siY|+{> g�,@�j
= +4;,

Wkh +ixoo, olnholkrrg ixqfwlrq iru dq +xqedodqfhg, sdqho zkhuh lqglylgxdo l lv iroorzhg iru shulrgv
w @ 4> = = = > W� lv jlyhq e|

O+i{�|> g�|j
A�

|'�

U

�'�
, @

U\
�'�

A�\
|'�

S|+g�|m{�|,s+{�|m{�|3�> g�|3�,= +4<,

Lq rxu prgho zh dovr kdyh frqwlqxrxv frqwuro yduldeohv vxfk dv frqvxpswlrq/ zklfk lv qrw
gluhfwo| revhuyhg lq wkh KUV2DKHDG gdwd1 Rxu vroxwlrq wr wklv sureohp lv wkdw lq wkh ydoxh
ixqfwlrqv wkdw ghwhuplqh wkh olnholkrrg ixqfwlrq +4<, frqvxpswlrq lv _vxevwlwxwhg rxw% dqg wkh
ydoxh ixqfwlrq lv rqo| d ixqfwlrq ri zhdowk/ dyhudjh zdjhv/ Vrfldo Vhfxulw| vwdwxv/ khdowk vwdwxv/
djh dqg rwkhu yduldeohv zh fdq revhuyh1 Wklv doorzv xv wr hvwlpdwh wkh GS prgho hyhq wkrxjk zh
gr qrw revhuyh doo ri wkh lqglylgxdo*v ghflvlrqv +vxfk dv frqvxpswlrq,1 Zh eholhyh wklv dssurdfk
wr hvwlpdwlrq ri wkh GS prgho lv frpsxwdwlrqdoo| ihdvleoh dqg kdv ehhq suryhq lq pdq| suhylrxv
hpslulfdo dssolfdwlrqv wr uhvxow lq uhdvrqdeoh hvwlpdwhv ri wkh prgho*v xqnqrzq sdudphwhuv1 Wkdw
lv/ wkh pd{lpxp olnholkrrg hvwlpdwlrq dojrulwkp doorzv xv wr �qg d _ehvw �wwlqj% GS prgho/ dqg
lw lv w|slfdoo| yhu| gl�fxow wr glvwlqjxlvk vwrfkdvwlf vlpxodwlrqv ri wkh ehvw �wwlqj GS prgho iurp
wkh uhdo gdwd1

Wkh pdlq glvdgydqwdjh ri wkh deryh dssurdfk lv wkdw wkh xqrevhuyhg frpsrqhqw �| lv xqfru0
uhodwhg zlwk wkh revhuyhg frpsrqhqw{|1 Wr flufxpyhqw wklv sureohp zh zloo dgrsw d vwudwhj|
suhylrxvo| ghyhorshg e| Khfnpdq dqg Vlqjhu +4<;7,/ Nhdqh dqg Zroslq +4<<:, dqg Ehq��wh}0Vloyd
hw do1 +5333d,1 Wr eulh�| h{sodlq rxu dssurdfk/ dvvxph wkdw wkhuh duh P _w|shv% ri lqglylgxdov
lq wkh srsxodwlrq ri +xqnqrzq, sursruwlrqv !�> ===> !� 1 Ixuwkhu dvvxph wkdw hdfk lqglylgxdo*v w|sh
kdv d +srvvleo|, gl�huhqw vhw ri sdudphwhuv1 Rxu remhfwlyh wkhq lv wr hvwlpdwh wkh vhw ri P sdud0
phwhu yhfwruv dqg !�> ===> !� / fruuhvsrqglqj wr wkh P w|shv ri lqglylgxdov1 Wkh pdlq sureohp lv
wkdw zh gr qrw nqrz d sulrul zkdw lv wkh w|sh ri hdfk lqglylgxdo lq wkh vdpsoh1 Qhyhuwkhohvv/ rqh
fdq hvwlpdwh wkh sursruwlrq ri hdfk w|sh lq wkh srsxodwlrq dorqj zlwk wkh uhvw ri wkh sdudphwhuv
ri wkh prgho e| pd{lpl}lqj wkh olnholkrrg ixqfwlrq jlyhq e|
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6
8 = +53,

Frqfhswxdoo|/ wkh prgho lq +53, lv qr pruh gl�fxow wr hvwlpdwh wkdq wkh prgho lq +4<,1 Krzhyhu/
wkh sureohp lv frpsxwdwlrqdo sureohp/ qdpho| rqh fdqqrw xvh wrr pdq| w|sh1 Wkh h{dfw qxpehu
ri w|shv zloo eh ghwhuplqhg e| frpsxwdwlrqdo frqvlghudwlrqv1

Wklv lv wkh �uvw vwhs lq hvwlpdwlqj dqg whvwlqj d fdqglgdwh vshfl�fdwlrq ri wkh GS prgho1 Wkh
pruh ghpdqglqj qh{w vwhs lv wr vhh li wkh hvwlpdwhg GS prgho |lhogv dffxudwh suhglfwlrqv ri krz
lqglylgxdov uhvsrqg wr fkdqjhv lq srolf|1 Dv glvfxvvhg deryh/ zh zloo xvh rxw0ri0vdpsoh suhglfwlyh
whvwv/ lqfoxglqj suhglfwlrqv ri lqglylgxdo*v uhvsrqvhv wr VVD*v ghprqvwudwlrq h{shulphqwv iru wkh
Zrun Lqfhqwlyhv Dfw wr surylgh d uljrurxv whvw ri wkh ydolglw| ri rxu GS prgho1
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Ehq��wh}0Vloyd/ K1/ Exfklqvn|/ P1/ Fkdq/ K0P1 Uxvw/ M1 dqg V1 Vkhlgydvvhu +4<<<,= _Dq Hpslulfdo
Dqdo|vlv ri wkh Vrfldo Vhfxulw| Glvdelolw| Dssolfdwlrq/ Dsshdo dqg Dzdug Surfhvv/% Oderxu
Hfrqrplfv 9 47:04:;1

Ehq��wh}0Vloyd/ K1/ Exfklqvn|/ P1/ Fkdq/ K0P1 Uxvw/ M1 dqg V1 Vkhlgydvvhu +5333d,= _Krz Odujh lv
wkh Eldv lq Vhoi0Uhsruwhg Glvdelolw| VwdwxvB% xqghu uhylvlrq iru Uhylhz ri Hfrqrplf Vwxglhv1

Ehq��wh}0Vloyd/ K1 +5333,= G|qdplf Olih F|foh Prghov ri Oderu Vxsso|/ Frqvxpswlrq2Vdylqj/ Dq0

qxlwlhv/ dqg Mre Vhdufk Ehkdylru zlwk Hpslulfdo Dssolfdwlrqv/ Sk1G1 Glvvhuwdwlrq/ \doh Xql0
yhuvlw|1

Iuhqfk/ H1 +5333,= _Wkh H�hfwv ri Khdowk/ Zhdowk/ dqg Zdjhv rq Oderu Vxsso| dqg Uhwluhphqw
Ehkdylru/% pdqxvfulsw1 Ihghudo Uhvhuyh Edqn ri Fklfdjr1

Juxehu/ M1 dqg M1 Nxeln +4<<:, _Glvdelolw| Uhmhfwlrq Udwhv dqg wkh Oderu Vxsso| ri Roghu Zrun0
huv% Mrxuqdo ri Sxeolf Hfrqrplfv 97 4~561

Kdoshuq/ M1 dqg M1D1 Kdxvpdq +4<;9,= _D Prgho ri Dssolfdwlrqv iru wkh Vrfldo Vhfxulw| Glvdelolw|
Lqvxudqfh Surjudp/% Mrxuqdo ri Sxeolf Hfrqrplfv/ 64 464~4941

Khfnpdq/ M1M1 +4<:;,= _Gxpp| Hqgrjhqrxv Yduldeohv lq d Vlpxowdqhrxv Htxdwlrq V|vwhp/%
Hfrqrphwulfd/ 7909/ <640<8<1

Khfnpdq/ M1M1 dqg E1 Vlqjhu +4<;7,= _D Phwkrg iru Plqlpl}lqj wkh Lpsdfw ri Glvwulexwlrqdo
Dvvxpswlrqv lq Hfrqrphwulf Prghov iru Gxudwlrq Gdwd/% Hfrqrphwulfd/ 8504/ 5:4~6531

Krurzlw}/ M1O1 dqg Y1J1 Vsrnrlq| +4<<<,= _Dq Dgdswlyh/ Udwh0rswlpdo Whvw ri d Sdudphwulf Prgho
Djdlqvw d Qrqsdudphwulf Dowhuqdwlyh/% pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri
Lrzd1

Kx/ M1/ N1 Odklul/ G1U1 Ydxjkdq/ dqg E1 Zl{rq +4<<:,= _D Vwuxfwxudo Prgho ri Vrfldo Vhfxulw|*v
Glvdelolw| Ghwhuplqdwlrq Surfhvv/% RUHV Zrunlqj Sdshu Qr1 :5/ R�fh ri Uhvhdufk dqg
Hydoxdwlrq Vwdwlvwlfv/ Vrfldo Vhfxulw| Dgplqlvwudwlrq/ 833 H Vwuhhw VZ/ Zdvklqjwrq/ G1F1

Nhdqh/ P1 dqg N1 Zroslq +4<<:,= _Wkh Fduhhu Ghflvlrqv ri \rxqj Phq/% Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 438+6,/ 7:6~8551

Nuhlghu/ E1 +4<<<,= _Glvdelolw| Dssolfdwlrqv= Wkh Uroh ri Phdvxuhg Olplwdwlrq rq Srolf| Lqihu0
hqfhv/% pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ylujlqld1

Odklul/ N1/ G1U1 Ydxjkdq/ dqg E1 Zl{rq +4<<8,= _Prgholqj VVD*v Vhtxhqwldo Glvdelolw| Ghwhupl0
qdwlrq Surfhvv Xvlqj Pdwfkhg VLSS Gdwd/% Vrfldo Vhfxulw| Exoohwlq/ 8;07 6~751

Sr}}herq/ V1 dqg R1V1 Plwfkhoo +4<;<,= Pduulhg zrphq*v uhwluhphqw ehkdylru/% Mrxuqdo ri Srsx0

odwlrq Hfrqrplfv/ 5 6<~86

Suhvv/ Z1K1/ V1D1 Whxnrovn|/ Z1W1 Yhwwhuolqj/ dqg E1S1 Iodqqhu| +4<<5,= Qxphulfdo Uhflshv lq
F/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Uhsulqw ri 4<<<1

Uxss/ N1 dqg G1 Vwdsohwrq +4<<8, _Ghwhuplqdqwv ri wkh Jurzwk lq wkh Vrfldo Vhfxulw| Dgplqlv0
wudwlrq*v Glvdelolw| Surjudpv% Vrfldo Vhfxulw| Exoohwlq 8; 76~:31
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Uxss/ N1 dqg F1 Vfrww +4<<9, _Wuhqgv lq wkh Fkdudfwhulvwlfv ri GL dqg VVL Glvdelolw| Dzdughhv
dqg wkh Gxudwlrq ri Surjudp Sduwlflsdwlrq% Vrfldo Vhfxulw| Exoohwlq 8< 6~541

Uxvw/ M1 +4<<7,= _Vwuxfwxudo Hvwlpdwlrq ri Pdunry Ghflvlrq Surfhvvhv% lq U1 Hqjoh dqg G1 Pf0
Idgghq +hgv1, Kdqgerrn ri Hfrqrphwulfv Yroxph 7/ 63;5~646<1

Uxvw/ M1 dqg F1 Skhodq +4<<:,= _Krz Vrfldo Vhfxulw| dqg Phglfduh D�hfw Uhwluhphqw Ehkdylru
lq d Zruog ri Lqfrpsohwh Pdunhwv/% Hfrqrphwulfd/ 9807 :;4~;641

Vrfldo Vhfxulw| Dgplqlvwudwlrq +4<<<, _Vrfldo Vhfxulw| Glvdelolw| Lqvxudqfh Surjudp Zrunhu H{0
shulhqfh% Dfwxduldo Vwxg| 447/ R�fh ri wkh Fklhi Dfwxdu|/ Edowlpruh/ Pdu|odqg1

Vrfldo Vhfxulw| Dgylvru| Erdug +4<<;, _Krz VVD*v Glvdelolw| Surjudpv Fdq eh Lpsuryhg% Uhsruw
9/ Vrfldo Vhfxulw| Dgylvru| Erdug/ Zdvklqjwrq/ G1F1
+rqolqh frs| dw kwws=22zzz1vvde1jry2Uhsruw91kwpo,1

Vrfldo Vhfxulw| Dgylvru| Erdug +4<<<, Ilqdo Uhsruw ri wkh 4<<< Whfkqlfdo Sdqho rq Dvvxps0

wlrqv dqg Phwkrgv Vrfldo Vhfxulw| Dgylvru| Erdug/ Zdvklqjwrq/ G1F1 +rqolqh frs| dw
kwws=22zzz1vvde1jry1Usw<<1sgi,1

Vwdsohwrq/ G1/ E1 Eduqrz/ N1 Frohpdq/ N1 Glhwulfk/ dqg J1 Or +4<<7,= Oderu Pdunhwv Frqglwlrqv/

Vrflrhfrqrplf Idfwruv dqg wkh Jurzwk ri Dssolfdwlrqv dqg Dzdugv iru VVGL dqg VVGL Glv0
delolw| Ehqh�wv= Ilqdo Uhsruw/ Ohzlq0YKL/ Lqf1 dqg wkh Ghsduwphqw ri Khdowk dqg Kxpdq
Vhuylfhv/ Wkh R�fh ri wkh Dvvlvwdqw Vhfuhwdu| iru Sodqqlqj dqg Hydoxdwlrq1
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